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ABSTRACT 
The a1m of the study was to exam1ne the phys1olog1cal effect of 
endurance runn1ng on the asthmat1c adult, an area 1n wh1ch there has 
been little research. The spec1f1c a1ms were to: F1rstly, exam1ne the 
card1o-resp1ratory and metabol1c responses to short term max1mal and 
submax1mal exerc1se of untra1ned asthmat1cs and non-asthmat1cs, and 
endurance runn1ng tra1ned asthmat1cs. Secondly, compare the 
physiological responses to prolonged endurance runn1ng of asthmat1c 
and non-asthmatic athletes. Thirdly, evaluate the effect of endurance 
runn1ng tra1n1ng on the prev1ously untra1ned asthmat1c. 
The mean V02 max of 17 untra1ned asthmat1cs was lower than that of 
17 non-asthmat1cs, wh1ch 1n turn was lower than that obta1ned for 16 
tra1ned asthmat1cs (47.0 vs 51.5 vs 61.6 ml.kg.- 1 mln-•). Both 
asthmat1c groups showed s1gn1f1cant correlat1ons between the percent 
pred1cted FEV 1 , V02 max and VE max, 1nd1cat1ng that severe a1rflow 
obstruct1on may 1mpa1r the max1mal response to exerc1se. In submax1mal 
exerc1se the blood lactate concentrat1on was s1gn1f1cantly h1gher at 
the same absolute runn1ng speed for the untra1ned asthmat1cs compared 
to the non-asthmatlcs 1 but there was no d1fference at the same %VOz 
max. The trained asthmat1c group had sign1f1cantly lower blood lactate 
even at the same %V02 max compared to the untra1ned asthmat1cs, 
suggest1ng a normal adapt1ve response to phys1cal training. 
Outdoor half-marathon t1mes were ava1lable for 11 asthmat1c 
athletes. They were able to ut1l1se an estimated 81.9% VOz max dur1ng 
the half-marathon, wh1ch 1s s1m1lar to non-asthmatlc athletes. 
Therefore asthma does not 1mpa1r the ab1l1ty to develop a h1gh degree 
of endurance f1tness w1th appropr1ate tra1n1ng. The correlat1on of 
race pace with VOz max <r=O.BB1l and w1th the runn1ng ve!oc1ty at 2mM 
blood lactate (r=0.971l are consistent w1th those reported for 
non-asthmatlcs. The %V02 max util1sed dur1ng the half-marathon was 
most strongly correlated w1th the %VOz max at 2mM blood lactate 
(r=O.B19l 1 so that the i.V02 max ut1lsed 1s largely dependent on the 
capac1ty of the muscles to cover the energy needs aerob1cally. 
The s1m1lar card1o-resp1ratory and metabolic responses to a 
treadm1ll half-marathon race and to a 2 hour run at 707. V02 max for 
asthmat1c and non-asthmatlc athletes, would suggest no reason why the 
asthmat1c 1s d1sadvantaged 1n endurance runn1ng if adequately 
protected from exerc1se-1nduced asthma IEIAl. However, pre-exerc1se 
med1cat1on failed to inhib1t EIA for 2 of the 6 asthmat1cs dur1ng and 
after the half-marathon, and for 2 of the 4 asthmatics after the 2 
hour run. Desp1te a reduct1on 1n the runn1ng speed and the use of a 
bronchod1lator 1nhaler 1n the half-marathon, 1t was not poss1ble to 
reverse the EIA wh1lst runn1ng. Convent1onal pre-exercise med1cat1on 
may therefore not be adequate to control EIA in prolonged exerc1se. In 
endurance runn1ng the asthmat1c may be at a compet1tive disadvantage 
and may be at r1sk 1f EIA develops. 
A 5 week per1od of endurance runn1ng training on a treadm1ll for 9 
untrained asthmat1cs resulted in 1ncreases 1n V02 max, lower blood 
lactate at submaximal runn1ng speeds and a decreased t1me and h1gher 
i.VOz max ut1Iised for a 2 m1le run. These changes were s1m1lar to 
those of 6 non-asthmat1cs perform1ng the same tra1n1ng, suggest1ng 
that asthma does not 1mpa1r the abil1ty to benef1t from endurance 
running train1ng. The sever1ty of EIA was however not s1gn1f1cantly 
changed after tra1n1ng. Endurance runn1ng 1s a good act1v1ty to 
1mprove the aerob1c f1tness of asthmat1cs. 
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CHAPTER 1 
INTRODUCTION 
Asthma affects approximately 5X of the population, and can be 
def1ned as, "a disease characterised by w1de variations over short 
periods of t1me 1n res1stance to flow 1n intrapulmonary a1rways" 
Scadd1ng (1983). The airways of asthmatics are abnormally sensitive 
to a var1ety of st1mul1. Th1s increased responsiveness, known as 
bronchial 'hyper-react>vity', 1s regarded as the central abnormality 
in the asthmatic <Pride 1983). 
Since the f1rst century AD, exerc1se has been 1dentif1ed as one of 
the maJor tr1gger factors to the hyper-reactive airways of the 
asthmat1c. "If from runn1ng, gymnastic exercise or other work, the 
breathing becomes difficult; 1t 1s called asthma• (Aretaeus 1st 
Century A.D., c1ted 1n Godfrey 1974). Indeed, a h1gh percentage of 
asthmatics exper1ence asthma If they exercise hard enough under the 
appropriate cond1t1ons <Godfrey 1983), and therefore the asthma 
Induced by exercise 1s a potential problem 1n the lives of a majority 
of asthmatics. For asthmatics 1n whom wheezy breathlessness after 
exert1on IS the ma1n symptom, the term exercise-Induced asthma <EIA) 
IS used. Exercise-Induced asthma is physiologically identical to 
asthma 1n1t1ated spontaneously or following other provocat1ons and has 
been defined as, "acute, reversible usually self term1nat1ng a1rway 
obstruction, wh1ch develops after strenuous exerc1se" <C;opp 1975>. 
Unt1l relatively recently the reason why exercise acts as a 
prec1p1tating factor to the asthma was largely unknown. Investigators 
claimed that abnormal physiological responses to exercise observed for 
asthmat1cs, such as lactic acidosis (Seaton, Dav1es, Gaz1ano and 
Hughes 1969>, were responsible for EIA. However, hyperventilation 
provokes asthma to the same extent as exerc1se (Bundgaard, 
Ingemann-Hansen, Schm1dt and HalkJear-Kristensen 1981> suggesting that 
it 1s the Increase In vent1lat1on rate wh1ch acts as the precipitating 
factor to the asthma, and not humoural factors of exercise. A closer 
examination revealed that e1ther the heat loss (Deal, McFadden, 
Ingram, Strauss and Jaeger 1979) or the water loss (Anderson 1983) 
from the respiratory mucosa as the ventilation rate is Increased, acts 
as the 1n1t1al stimuli 1n developing airway obstruction. 
1 
L_ _______________________________________________________________________________________ ___ 
Apart from the spec1f1c effect of exercise on the asthma, asthmat1cs 
may also have a degree of a1rflow obstruction at rest which may 1mpair 
the phys1ological response to exerc1se. In untrained ind1viduals 
w1thout d1sease, vent1lation 1s not usually a lim1t1ng factor for the 
max1mum oxygen uptake !V02 max). However, under 1mpaired ventilatory 
condit1ons, for example w1th airflow obstruct1on as 1n asthma, the 
max1mum vent1lat1on may pose a l1mitation on the maximum oxygen uptake 
<Dempsey 1986). Thus, w1th increas1ngly severe asthma the maximum 
oxygen uptake may be restr1cted at the vent1latory level. Indeed, 
F1tch (1975b) has recogn1sed that a proport1on of severe asthmat1cs 
compete 1n sport at a d1sadvantage, both resp1ratory and physically. 
In add1t1on, the fear of developing EIA may lead to inactivity, wh1ch 
could 1mpa1r or retard the development of the c1rculatory system of 
the asthmatic. Thus 1t has also been suggested that any d1fferences 
1n V02 max between asthmatics and non-asthmatics, are more l1kely to 
be due to 1nact1vity rather than asthma per se, unless EIA 1s provoked 
during the test <McFadden 1984al. 
Stud1es comparing the V02 max values of asthmatic and non-asthmat1c 
ch1ldren have y1elded confl1cting results. 
was lower than 
One study showed that the 
non-asthmatics (Cropp and vo2 max of 
Tanakawa 1977) 
asthmatics 
whereas another study showed that there were no 
d1fference between the two groups <Bevegard, Er1ksson, Graff-Lonnevlg, 
Kraepelien and Salt1n 1976>. S1milarly, equivocal results on the V02 
max of asthmatic adults have been reported w1th asthmatic males 
shOW1ng normal vo2 max values <Ingemann-Hansen, Bundgaard, 
Halkiaer-Kristensen, Siggard-Anderson and Weeke 1980), .and asthmatic 
females show1ng low V02 max values <Afzelius-Frlsk, Grimby and 
Lindholme 1977). In add1tion, it has been s~ggested that the 
cardlo-respiratory response to submaximal exerc1se may be 1mpaired in 
the asthmatic. The ventilat1on rate (Cropp and Tanakawa 1977>, oxygen 
uptake <Wasserman and Wh1pp 1975> and lactic ac1d (Seaton et al 1969) 
have all been documented as be1ng excessive for a g1ven work load, 
compared w1th non-asthmatlcs. There is, however, a surprisingly small 
amount of l1terature compar1ng the response of asthmat1cs and 
non-asthmatics to exerc1se <McFadden 1984>, and thus further work in 
th1s area would be benef1c1al. 
It has been recognised since the late 17th century that different 
act1vit1es may vary in the1r abil1ty to provoke EIA. "The most 
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agreeble exercise IS r1ding; 
of a dumb bell, s1ng1ng, 
riding, but not so great as 
the greatest are saw1ng, bowl1ng, ringing 
dancing; Walking is more vehement than 
the other: Those exercises that move the 
arms, exercise the lungs most" CFloyer 1698, cited by Anderson, 
Silverman, Kon1g and Sodfrey 1975). 
Compared at the same metabolic stress, the ability of act1vit1es to 
provoke EIA was greatest for free range runmng, then treadmi 11 
running, then cycling, and least for swimm1ng CF1tch and Godfrey 1976; 
Anderson, Silverman and Walker 1972; F1tch and Morton 1971>. In 
add1t1on to the mode of exercise, the continuous nature CMorton, Hahn 
and F1tch 1982), the relat1ve exercise Intensity <Wilson and Evans 
1981) and duration (Jones 1962) of endurance runn1ng may also 
contribute to the heightened ability of th1s activity to provoke EIA. 
Therefore, endurance running has been Identified as the sport most 
l1kely to provoke EIA, w1th swimming becoming the recommended activity 
for the asthmatic. 
McFadden (1980) has suggested, however, that factors other than the 
type or durat1on of the exercise may be much more Important In 
dictating the sever1ty of EIA. Such factors 1nclude the underlying 
state of the a1rway Inflammation, the absolute ventilation and 
climatolog1cal factors. For example, endurance running involves 
prolonged hyperventilation often 1n cold conditions, 1n contrast to 
sw1mm1ng wh1ch IS usually performed 1n the warm and humid conditions 
of the swimming pool. Thus, running will lead to a higher respiratory 
heat loss or water loss compared to swimming, which could act as a 
greater stimulus to provoke EIA. However, if asthmatic ftedication is 
taken before exercise the difference in the bronchospastic response to 
sw1mm1ng and dry land exercise IS abolished (Schnall,, 'Ford, G1llam and 
Landau 1982). In add1 tlon, subsequent studies have shown that 
endurance running is no worse than any other land based activity in 
its ab1ll ty to provoke EIA, 1 f the actl VI t1 es are compared under 
cond1t1ons of the same respiratory heat loss <Bundgaard, 
Ingemann-Hansen, Schmidt and HalkJear-Krlstensen 1982c). Thus the 
su1tab1l1ty of endurance runn1ng as a sport for the asthmatic merits 
careful reappraisal. 
Whether bronchial asthma affects the ability to train for and 
participate in distance runn1ng at a high level, 1s questionable. A 
number of top level swimmers are asthmatic; five Olymp1c Gold medals 
3 
were won by asthmatiC swimmers between 1956 to 1972, reinforcing the 
belief that swimming IS the optimum sport and recreational activity 
for the asthmatic !Fitch 1975bl. ln addition, of the 39 top class 
Italian athletes affected by bronchial !Todaro, Berluttin, Caldarone 
and Dalmonte 1984>, only five were categorised as participating in 
purely "aerobic" sports, and of these five none participated in 
endurance running. However, Fitch !1975b) has also claimed that 
asthmatics participate to a high level in every sport in Australia, 
including cross-country running. 
The ability of the asthmatiC to participate in endurance running 
may be Impaired not only by EIA, but also by the resting airflow 
obstruction. A study by Mahler, Moritz and Loke (1981bl suggested that 
runners with airflow obstruction !but not asthma> were able to develop 
only a "moderate" level of cardio-vascular fltness with appropriate 
training. Whether asthma per se Impairs the ability to develop and 
utilise a high V02 max with training has not been Investigated. 
Although the responses of the asthmatic to short term aerobic 
exercise has been well documented, the safety and physiological 
effects of prolonged running has not been reported. This IS 
surprising, since there are numerous asthmatics participating in 
endurance running, for example 200 asthmatics participated In the 1982 
London Marathon. 
The effect of prolonged running on the asthmatic IS uncertain. 
Although Silverman and Anderson !1972) stated that the severity of EIA 
may 'decline With more prolonged exercise, they o~ly examined 16 
minutes of activity. Indeed, this possibility of an improvement with 
continuing exercise would be consistent with the clinical observation 
that asthmatics may "run-through" their asthma <Godfrey 1973). 
However, the effects of prolonged exercise on the asthmatic, possibly 
beyond the optimum effect of pre-exercise medication, such as running 
a marathon, are unknown. 
The physiological responses to endurance running are well 
documented for non-asthmatiC athletes. However, the physiological 
responses to endurance running for trained asthmatics has not been 
examined. Whether the asthmatic shows any adaptations to his asthma, 
allowing him to participate successfully in endurance running, IS not 
known. 
4 
Stud1es of the effect of physical training on the asthmatic have 
been shown to Improve the cardio-respiratory fitness, improve self 
confidence and possibly reduce the severity of EIA. However, such 
studies have ma1nly been concerned with 'general conditioning 
programmes' often employing 1nterm1ttent type exercise !Itkin and 
Nacman 1966; Hirt 1964; Afzel1us-Fr1sk et al 1977). Intermittent 
exerc1se 1s, however, more l1kely to lead to gains in muscular 
coord1nat1on and strength rather than Improved cardio-vascular 
eff1c1ency when compared to continuous exercise. For non-asthmatic 
adults, endurance runn1ng training has been shown to lead to good 
Improvements 1n the aerob1c f1tness. The safety and physiological 
effects of tra1n1ng programmes employing exerc1se of a continuous 
nature for asthmatic children rece1v1ng adequate therapy has been 
demonstrated for sw1mm1ng !Fitch and Godfrey 1976) and distance 
running !N1ckerson, Baut1sta, Namey, Richards and Keens !1983). 
However, no such studies have been undertaken With asthmatic adults. 
The question of whether an Improvement In phys1cal fitness leads to 
a change in the severity of EIA has received much attention. A number 
of studies have shown no change 1n the sever1ty of EIA after physical 
training, in spite of an Improvement 1n phys1cal fitness <Leisti, 
F1nn1la and K1ura 1979; Bundgaard, Ingemann-Hansen, Schmidt and 
HalkJaer-Krlstensen 1982; F1tch, Morton and Blanksby 1976; N1ckerson 
et al 1983). There are, however, two maJor limitations 1n the 
interpretation of these stud1es. Firstly, some investigations fa1led 
to standardise the exercise 1ntens1ty for the test for.EIA, performed 
pre- and post-training. Secondly, the exercise mode to test for EIA 
was not always the same as that used for the training, and thus these 
stud1es fa1led to adhere to the principle of the specifity of 
training. It IS therefore d1ff1cult, from these studies, to assess the 
effect of an 1mproved cardio-respiratory fitness on EIA. When stud1es 
were performed at the same absolute work load before and after 
tra1n1ng, an Improved f1tness has been associated w1th a reduction In 
EIA of asthmatic children !Ose1d and Haaland 1978; Henriksen and 
Toftegaard-Nielsen 1983; Svenonius, Kautto and Arborel1us 1983). 
Although Arborelius and Svenonius !1984) suggested that a reduction of 
the hyperreact1v1ty of the airways may occur with training, the 
majority of 1nvestigat1ons have suggested that the reduct1on 1n EIA 
can be attributed to the lower ventilatory demands at the same 
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absolute work load as a result of the improved fitness. 
SUCh stud1es have been performed on the asthmatic adult. 
However, no 
The purpose of the studies reported in this thesis was to examine 
the phys1olog1cal effect of endurance running an the asthmatic. The 
spec1f1c a1ms were: 
F1rstly, to evaluate the effects of 1nact1vity and asthma on the 
cardio-respiratory responses to max1mal and submax1mal exercise of 
asthmatics. The phys1olog1cal responses to maximal and submaximal 
exerc1se for groups of untra1ned asthmatic adults, were compared to 
both a s1milar group of non-asthmatics and to a group of endurance 
tra1ned asthmatic runners. The performance t1mes from endurance 
runn1ng events of the asthmatic athletes were analysed 1n relat1on to 
the1r physiological responses obta1ned from treadm1ll running. The 
relationships between the degree of airway obstruction and the 
phys1olog1cal responses 1n maximum exercise, were analysed for both 
the tra1ned and untrained asthmatic groups. 
Secondly, to exam1ne the physiological responses of prolonged 
endurance runn1ng 1n asthmatic and non-asthmatic athletes. In order to 
do th1s, the two groups were compared both during a two hour treadmill 
run at a constant speed selected to elicit 70Y. VOz max and to a 
treadm1ll half-marathon time trial. 
Thirdly, to exam1ne and compare the physialogic effect and safety 
of endurance runn1ng tra1n1ng on groups of previously untrained 
asthmatic and non-asthmatic adults. Further, to evaluate the effect of 
an improved f1tness on the sever1ty of EIA. 
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CHAPTER 2 
REVIEW OF LITERATURE 
2.1 Overview of the Rev1ew of Literature. 
Th1s review of the relevant literature IS presented in three major 
sections to cover the following areas of interest: 
Sectlon A Will descnbe and consider the phenomenon of 
exercise-induced asthma <EIAl. Th1s section Will also Include an 
examination of the types of exercise likely to provoke EIA, the 
phys1olog1cal changes assoc1ated with and the possible mechanisms to 
account for EIA, along w1th the drugs used 1n the prevention of EIA. 
Section B Will examine whether asthma affects the physiological 
responses In max1mal and submaximal exerc1se. In addition, the 
studies examining the effect of phys1cal traimng on the 11 fltness 11 and 
the severity of the EIA 1n the asthmatic will be reviewed. 
Section C Will examine the results of studies on asthmatics 
partl ci pah ng in competitive sport, with specific reference to 
endurance running. The physiological factors determining success 1n 
long d1stance runn1ng and the physiological responses to prolonged 
. 
running, in stud1es of non-asthmatic athletes, Will be discussed. 
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SECTION A - The Phenomenon of Exercise-Induced Asthma 
Before attempting to describe the phenomenon of exercise-induced 
asthma, 1t IS appropriate to try to briefly discuss asthma, by 
offering a number of the commonly used definitions of this disease. 
2.2 The Def1n1t1on of Asthma. 
The def1n1tion of any d1sease evolves from cl1n1cal description, 
through spec1f1ed abnormalities of structure and function, to 
causation or aetiology (Scaddlng 1983). At present, due to.the the 
heterogeneity of the pathology of asthma and the inability to identify 
causal factors in some asthmatics, def1n1t1ons of asthma involving 
either aetiology or causal factors are not possible (Scadding 1983). 
Therfore, current def1nit1ons of asthma are based on clinical 
description and functional abnormalities. 
Cl1n1cally, variable breathlessness With expiratory wheeze are the 
recognised features common to all asthmatics, and thus definitions 
have emerged, Incorporating such observations, for example: 
"EpisodiC breathlessness w1th wheeze, a condition characterised by 
generalised airways obstruction, wh1ch IS variable and reversible 
e1ther spontaneously or with treatment" (Gaskell 1979). 
However, such cl1n1cal descriptive definitions are usually=~uperced~d_l 
1f a more obJect1ve and quantifiable basis becomes available. The 
cl1n1cal observations of breathlessness and wheeze can be quantified 
in terms of a measure of resistance to air-flow in the airways of the 
lung. Indeed, there IS good evidence that all asthmatiCS show a w1de 
var1at1on 1n their expiratory air-flow resistance, and thus asthma has 
' 
recently been def1ned 1n terms of a disorder of function, as follows: 
"a d1sease characterised by wide variation over short periods of time 
1n resistance to flow 1n Intrapulmonary a1rways" <Scadding 1983). 
The Increase 1n a1rway res1stance leading to the reduction in 
airflow that characterises asthma, consists of two components: 
(a) bronchospasm due to contraction of respiratory smooth muscle, and 
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!bl phys1cal obstruct1on, resulting from 1nflammatory changes such as 
!1l oedema of bronchiolar mucosa and 
<iil the accumulat1on 1n and plugg1ng of the bronchi, with mucous. 
Asthma has been broadly d1V1ded into two categories: 
(a) Extr1nsic asthma, in which the resistance to flow may be related 
to exposure to environmental factors, such as 
(i) hyperreact1v1ty of the airways to phys1cal and chem1cal 
stimuh, or 
(iil spec1fic ant1gen-ant1body reactions. 
(bl Intrins1c asthma, in which no apparent external cause for the 
res1stance to flow can be found, as is usually the case with the late 
onset of asthma where no past h1story of asthma or allergy can be 
found. 
Asthmatics, whether or not they show evidence of specific 
hypersensitlvity react1ons, are abnormally sensitive to non speciflc 
bronchoconstr1ctor agents, such as the chemical mediators histam1ne 
and methachol1ne. An abnormal responsiveness is called bronchial 
hyperreactiv1ty, which is thought to be the central abnormality in the 
asthmatic. Numerous speclfic "trigger factors" of asthma can be 
1dentified, includ1ng exercise, to which the attention of the review 
of l1terature w1ll now turn. 
2.3 Exercise as a Trigger to Asthma. 
It has been recognised since the 1st century AD, from the writings 
of Aretaeus, that exerc1se acts as a trigger to asthma.' However, it 
was not until the 1960's that the effect of exercise on the pulmonary 
response of the asthmatic was eventually clarif1ed." 
Early work by Herxhelmer 1n the 1940's objectively examined the 
effect of exerc1se on asthma, 
'after' short term runn1ng and 
showing a 
cycllng 
fall in the v1tal capacity 
(cited 1n Silverman and 
Anderson 1972). However, conflicting observat1ons were made 1n the 
1950's suggesting exerc1se caused a decrease 1n the res1stance and 
1mprovement in lung function of asthmat1cs in some stud1es, while in 
other investigatlons it caused the reverse effect. This anomaly has 
been expla1ned by whether the observations of lung function are made 
during or after exerc1se and by var1at1ons in the duration and level 
of exerc1 se. For example, Jones !1962) observed that brief h1gh 
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1ntens1ty running reduced the resistance to flow whereas a prolonged 
run of 8 to 12 minutes Increased the res1stance to flow. 
Once an apprec1at1on of the type of work required to elicit a 
response was recognised, the testing of asthmatics before and after 
exercise\flourlshed 1• The mode of exercise employed ranged from sta1r 
··--- ---
climbing <McNe1ll, Na1rn, Millar and Ingram 1966) to conventional 
exercise such as sw1mm1ng, runn1ng and cycling <Fitch and Marten 
1971). These early studies revealed a very consistent pattern in the 
response of the lung funct1on of the asthmatic to exercise: When 
exercise 1s about 6 to 8 minutes in durat1on and of a 'moderate' 
1ntens1ty, branched 11 atl on occurs dur1ng and 1mmed1ately after 
exerc1se (thought to be due to the catecholamine release in response 
to physical exert1onl. Then an increase in airways resistance occurs, 
w1th lung function reach1ng its lowest level 3-5 and 5-7 minutes 
post-exercise 1n children and adults, respectively <Bodfrey 1983). 
There has been some controversy as to the durat1on of the 
functional abnormal1t1es of the asthma assoc1ated with exercise, with 
suggestions that the lung function may return to pre-exerclse values 
within 15 m1nutes 1f the asthma 1s m1ld (Cropp 19751, or persist for 
as long as one hour (Jones 1962>. For asthmatiCS 1n whom wheezy 
breathlessness, as a result of exert1on, is the main symptom, the term 
exercise-Induced asthma <EIA> is used, which has been def1ned as: 
"acute, reversible usually self terminating airway obstruction, 
wh1ch develops after strenuous exerc1se in patients with asthma or hay 
fever" <Cropp 19751. 
It 1s likely that exerc1se w1ll act as a trigger factor to the asthma 
of a maJority of asthmatics, as shown by studies on the incidence of 
asthma. 
2.4 Inc1dence of Exercise-Induced Asthma. 
The Incidence of EIA among asthmatiCs has been the sUbJect of many 
investigations. Studies have shown considerable varifttion 1n the 
1nc1dence of EIA amongst asthmat1cs1 from 137. IItk1n and Nacman 19661 
to 907. <Jones 1966). Cropp (1975) has stated that such a large 
var1at1on in the incidence of EIA, may be due to many reasons amongst 
wh1ch are patient selection, the type of exercise test, the criteria 
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used to def1ne EIA, and the time Interval between asthmatic medication 
and the exerc1se test. Indeed, as Anderson et al (1975) suggests, the 
most l1kely reason accounting for this range 1n the reported frequency 
of EIA, is the arbitrary definition of whether the pat1ent develops 
EIA. When more str1ngent criteria have been applied to define EIA, 
847. <Kattan, Keens, Mell1s and Lev1son 1978) and 897. <Godfrey et al 
1973) of asthmatic chidren had a fall of FEV 1 of 157. and 107. 
respectively. However, the 1nc1dence of EIA among asthmatic adults, 
is less well documented. 
It has been suggested that the incidence of EIA may be related to 
the rest1ng bronchomotor tone. A study by Anderson and Schoeffel 
<1983) investigated 313 asthmatic children, who, for the purpose of 
the Investigation were div1ded into two groups which were, (a) 187 
ch1ldren w1th 'normal' lung function as defined by a PEFR 807. of 
predicted normal, and (b) 126 children with PEFR below 807. of 
predicted normal. A higher incidence of EIA was found amongst those 
w1th a1rway obstruction <867.) compared to the group with normal lung 
function (717.). However, there was no significant difference between 
the sever1ty of EIA between the two groups. Th1s IS supported by 
Anderson (1983) who suggested that the severity of EIA is not 
correlated with the degree of a1rway obstruction so that 
bronchoconstr1ction is Independent of the size of the a1rways prior to 
challenge. However, in contrast stud1es by Benson (1975) and 
Tattersfield (1981) showed that the airway response to a variety of 
st1mul1 are greater when the airways have an abnormal tone pr1or to 
challenge and less when bronchodilatation 1s present. 
. 
However, the 1nc1dence and the reproducibility of EIA is greatly 
influenced by the nature of the exerc1se and the conditions under 
wh1ch the exercise IS performed, as will be considered In the next 
sect1on of the rev1ew. It has been postulated that all asthmatics 
will develop EIA if they exercise hard enough under appropriate 
cond1t1ons <Godfrey 1983). Thus the clin1cal observation that EIA 
poses less of a problem to asthmatic adults, may be due to the1r more 
sedentary lifestyle, compared to asthmatic children. 
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2.5 Exercise-Induced Asthma and the Mode of Activity. 
The degree of bronchoconstr1ct1on exper1enced after physical 
activ1ty in an asthmatic may depend on the type, duration, intensity 
and pattern of exercise. Fitch (1975al has stated that there are three 
principal reasons why a comparison of the available exercise systems 
on the provocation of EIA is useful: 
(a) To assist in the development of the theory of the mechanism of 
EIA. 
(b) To determine the opt1mum exercise challenge test for the diagnosis 
of EIA and the evaluation of pre-exercise drug therapy. 
(c) To provide a scientifiC basis for the exercise prescription for 
the asthmat1c. 
2.5.1 The Type of Exercise and EIA. 
It is well documented that d1fferent types of exercise vary in the 
degree of EIA they provoke (Anderson et al 1975). This specificity of 
exercise 1n the provocat1on of EIA was recognised as early as the 
seventeenth century, from the writings of Floyer, an English physician 
who had asthma. 
Since 1970, a series of studies have been performed to examine and 
compare the ability of various activities to induce asthma. In an 
attempt to justify the prescription of swimm1ng for the asthmatic, 
• 
Fitch and Morton (1971) examined the degree of EIA provoked by B 
m1nutes of submaximal exerc1se in 3 types of activity, namely indoor 
swimming, cycle ergometry and treadmill running, Each activity was 
performed at the same exercise intensity namely at BOY. to B5Y. of 
maximum heart-rate in 40 asthmatics, aged 10 to 51 years. A 15Y. fall 
in the FEV •. occurred in 73Y. of the running tests; 65Y. of the cycling 
tests; and 35Y. of the swimming tests. In addition, in those subJects 
who d1d show a fall of greater than 15Y. after swimming, the magnitude 
of the response was s1gn1ficantly smaller compared to the EIA produced 
by these same subJects after cycling or running. This reduced ability 
of swimming compared to land activities to provoke EIA has been 
confirmed by other investigators comparing running and swimming 
(Silverman and Anderson 1972; Anderson et al 1975). 
Furthermore, studies comparing land based act1v1t1es under 
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cycling was 
Morton 1971; 
condtttons of the same metabolic stress, revealed that 
less asthmagentc than treadmill running <Fitch and 
Anderson, Connolly and Bodfrey 1971; Eggleston 1979), which tn turn 
provided less of a sttmulus for the asthma than free range running 
<Anderson et al 1971; Eggleston 1979; Shapiro, Pierson, Furukawa and 
Bierman 1979). In addttton, a study by Fitch and Bodfrey 11976) 
suggested that the severity of the asthma was the greatest for free 
range runntng compared to treadmill running and swtmming 1477., 357. and 
257. fall tn FEV,, respectively). On the contrary Miller, Davtes, Cole 
and Seaton 11975), ustng oxygen uptake as the means to equate the 
metabolic stress of each activtty, found no difference'in the fall of 
the FEV, to treadmtll running and cycltng. 
Therefore, it was concluded that swimming should be recommended as 
the type of exercise for the asthmatic in preference to runntng and 
cycltng. Thts difference between runntng and swtmming to provoke 
asthma was so clear cut that tt encouraged more investigations tnto 
the reason behtnd thts phenomenon. In addttton, running was 
recommended as the optimum challenge to provoke EIA. 
2.5.2 The Pattern of Exercise and EIA. 
Several investigators have claimed that continuous exercise ts much 
more likely to provoke EIA than intermtttent exercise (Jones, Wharton 
and Buston 1963; Itktn and Nacman 1966; Strtck 1969; Fitch and Bodfrey 
1976). Hence acttvtttes based on brief work periods separated by 
tntervals of rest have been employed in the reh~bilttation and 
physical tratntng of asthmatics. However these studies gave little 
objecttve evtdence to support the clinical impression that 
tntermittent exerctse should be admtntstered in preference to 
continuous activity. 
Jones et al 11963) observed that 1 to 2 minutes of running did not 
elictt the airway obstruction typical of more prolonged exercise. From 
this he concluded that forms of 1ntermittent exerc1se and especially 
ball games are more suitable forms of exercise than conttnuous 
exerctse like endurance runn1ng. However, as Morton et al 11982) has 
commented, th1s study by Jones et al 11963) is 1ncorrect on two 
po1nts1 Ftrstly, 1t assumes that the overall effect of many brief 
periods of exercise equates to the response of one period studted in 
isolatton, and secondly, the valtdity of extrapolat1ng from exerctse 
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of one to two minutes in durat1on to ball games compr1s1ng intervals 
usually less than 30 seconds, is quest1onable. As a result of these 
two crit1c1sms, Morton et al (19821 compared the effect of cont1nuous 
runn1ng w1th four d1fferent reg1mes of 1ntermittent running on the 
inc1dence and sever1ty of EIA in 27 asthmat1cs. The absolute work was 
kept constant for each of the protocols, though the pattern of the 
1ntermittent exercises var1ed widely in terms of runn1ng speed and the 
recovery intervals, to account for a variety of energy processes. 
Continuous runn1ng el1c1ted a more severe bronchospasm than any of the 
four 1nterm1ttent patterns of exercise, wh1ch in turn did not differ 
in the1r ab1lity to provoke EIA. 
Hence, Morton et al 119821 confirmed the earlier recommendations of 
Jones (19631, and provided sc1ent1fic reasoning for the prescription 
of interm1ttent exerc1se for the asthmatic. The mechan1sm behind the 
reduced bronchoconstrict1on w1th intermittent exerc1se is not clear, 
although it is thought that higher circulat1ng catecholam1nes as a 
result of 1nterm1ttent work may cause 1nhibition of the contraction of 
smooth muscle <Schnall and Landau 19801. 
2.5.3 Durat1on of Exerc1se and EIA. 
The effect of exercise on lung funct1on ln asthmatics largely 
depends on 1ts duration. Early work by Jones et al 119621 compared 
the effects of brief and more prolonged exercise, show1ng that brief 
exercise of 2 m1nutes in duration caused an 1ncrease 1n FEVa 1 whilst 
' prolonged exerc1se of 8 to 12 minutes caused a marked fall of FEVa• 
Furthermore, S1lverman and Anderson 119721 exam1ned the effect of 1 
to 16 m1nutes of exercise on ten asthmatic children with the speed and 
grad1ent of the treadmlll held constant. Exercise last1ng one minute 
showed that bronchoconstriction 1s m1nimal though not necessar1ly 
absent, contrary to the work of Jones et al (19621. Post-exercise 
bronchoconstr1ct1on reached a max1mum when the duration of the 
exerc1se was 6 to 8 minutes. When the duration of the exerc1se was 
extended to 16 m1nutes 1 f1ve of the seven who completed the test, 
developed post-exerc1se bronchoconstrict1on. On the contrary, the 
rema1n1ng two subJects who had developed marked EIA after 8 minutes of 
running, developed l1ttle EIA after this longer duration of act1vity. 
The observation that EIA 1s dimin1shed with longer exercise, reflects 
the cl1n1cal observat1on and subJective view that some asthmatics are 
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able to 'run through' their asthma. 
An explanat1on for th1s reduced ab1lity of exercise of a longer 
duration to provoke EIA, has been offered by Anderson et al (1975): 
Dur1ng short term exercise the release of bronchoconstr1ctor med1ators 
1s opposed by an 1ncreased sympathetic dr1ve, but when exercise ends 
sympathetic drive falls and bronchoconstr1ct1on occurs. However, 
dur1ng more prolonged exerc1se the constrictor mediators are 
metabolised before the end of exercise, 'and hence bronchoconstrict1on 
does not occur or IS less severe (Anderson et al 1975), 
2.5.4 Intens1ty of Exerc1se and EIA. 
To examine the effect of exerc1se intensity on EIA, Silverman and 
Anderson (1972) observed the severity of EIA of asthmatic children 
after runn1ng at a range of grad1ents (07. to 207.) on the treadm111. 
W1th the speed of the treadm1ll and duration of the test constant, the 
sever1ty of EIA was positively correlated to the treadm1ll gradient up 
to 10 to 15 percent. However, elevating the treadm1ll beyond this 
gradient produced l1ttle or no further EIA. 
Indeed, various 1nvestigators have cla1med that a threshold for the 
intens1ty of exerc1se must be exceeded before EIA will develop (Jones 
et al 1962; Katz et al 1971; S1lverman and Anderson 1972). However, 
there is no agreement on the exerc1se intensity at which the threshold 
is attained, stat1ng th1s occurs at heart rates of 150 to 160 b.min-• 
<Cropp 1975) or 170 to 180 b.mln-• <Anderson et al 1975) for asthmatic 
children. 
Other workers have suggested that a universal 'threshold' for the 
development of EIA is 1nappropriate. James, Faciane and Sly (1976) 
stated that heart rate does not correlate with the extent of EIA 1n 
asthmat1c children, with sign1ficant bronchoconstr1ct1on occuring 1n 
some subjects when the heart rate has not reached 160 b.mln-•. Indeed 
the severity of each individuals asthma w1ll determ1ne the 'threshold' 
for EIA to develop. 
that the max1mum 
More recently W1lson and Evans <1981) Illustrated 
bronchoconstriction will occur at work loads 
el1c1t1ng 807. V02 max, with no further increase in EIA at work loads 
beyond this. 
Thus, the type, durat1on, 1ntensity and pattern of exercise may 
influence whether EIA will be provoked. Therefore, 1t 1s now 
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appropriate to descr1be the recommended procedure for an exercise 
challenge, as a means of d1agnos1ng the existence of EIA. 
2,6 Recommendations for the Testing for Exercise-Induced Asthma. 
As previously mentioned, the disparity in the results of the 
incidence of EIA among asthmatic groups between various investigators, 
1s partly due to the nature of the test for EIA. It has been 
previously outlined that the bronchospast1c response is influenced by 
the duration, intensity, pattern and exercise mode employed. In 
add1tion 1 the length of time between taking medication and the test 
for EIA has var1ed Widely between studies, which will affect the 
asthmatic response. Thus a study group, led by Eggleston and 
Rosenthal (1979) 1 was set up to clar1fy and emphas1se the procedures 
for evaluating the a1rway response to exerc1se in the clinical and 
laboratory settings. The recommendations outl1ned below are those of 
this study group, unless otherwise stated: 
2.6.1 Medication and Pre-Exercise Lung Function. 
Medications influencing the pulmonary response to exerc1se should 
be Withheld pr1or to exercise, for the following periods: 
• 
Betaadrenergic drugs 
Cromolyn Sodium 
Ant1cholinerg1cs 
Corticostero1ds 
8 hours 
24 hours 
8 hours 
Need not be excluded. 
Pulmonary function should be within BOX of an individuals usual 
values, and FEV. be at least 65X of predicted normal. 
2.6.2 Equipment and Protocol to Test for EIA. 
A motor dr1ven treadmill has been recommended as most appropriate 
for the evaluation of EIA, w1th the physiological response monitored 
by heart rate or ventilation, and pulmonary response measured by a 
dev1ce both s1mple enough for frequent testing, and sensitive enough 
to detect small changes in airway obstruction (either PEFR or 
spirometry>. 
The working committee recommended a stepped stress protocol w1th 5 
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to 8 m1nutes 1n 'steady state' cond1t1ons, w1th the level of stress 
determ1ned by obJective cr1ter1a such as heart rate or oxygen uptake. 
Eggleston and Guerrant !1976) have reported a reduced vartability in 
EIA ustng a work load el1c1t1ng 90Y. of the predicted max1mum heart 
rate. More recently, Wilson and Evans !1981), recognising that 90Y. of 
predtcted max1mum heart rate will be widely d1ffering relat1ve work 
loads for each tndividual in terms of Y.V02 max, evaluated the response 
to work loads eliciting 40, 60, 80 and 100 Y.V02 max. A d1rect 
relationsh1p between work intens1ty and the degree of EIA up to SOY. 
VOz max, beyond whtch there was no further 1ncrease 1n EIA. Thus a 
work load el1c1t1ng BOY. VOz max was recommended to assess EIA. 
2.6.3 The Index used to Assess EIA. 
In order to quantify EIA, three ind1ces have been used, examining 
the PEFR and FEV, recordtngs made before and after an exercise 
challenge: 
!a) Y. Fall Index. 
The d1agnos1s and sever1ty of EIA is usually made using the percent 
fall index. Th1s is the post-exerctse fall 1n PEFR or FEV,, expressed 
as a percentage of the pre-exercise value. 
!b) Exercise Labtlity Index !ELI> !Bundgaard 1981). 
A s1milar calculation of the Y. rise of the PEFR or FEV, from baseline, 
allows the degree of bronchodilatton as a result of exercise, to be 
calculated. The ELI 1s then calculated by adding the r. rise, to the 
largest Y. fall of the PEFR or FEV,, giving an over.all bronchial 
lability 1n response to exerc1se. 
!cl Jones Lab1l1ty Index (JLil. 
A dtfferent 1ndex was proposed by Jones !1966) involving the summat1on 
of the exerctse-tnduced fall in lung functton and an index of 
bronchod1lat1on obtatned by br1ef exercise following a bronchodllator 
!tsoprenaltnel, all expressed in relatton to predtcted normal lung 
functton. 
Anderson !1983) has expressed that the JLI and ELI should not be 
used in the assessment of the severity of EIA, because the initial 
bronchod1lat1on 1s not spectfic to asthma, and is present in other 
resptratory dtseases such as cystic f1brosis. The percent fall index 
has been w1dely used 1n the assessment of EIA, although some crit1c1sm 
has been raised when compartng responses between patients with varytng 
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• 
degrees of a1rway obstruct1on at rest !Benson 1975). 
2.6.4 Pulmonary Function Tests to Detect ElA. 
The 1dentif1cation of an asthmatic response 1s determined by the 
method used to measure the change in a1rway funct1on !Anderson 1983). 
Asthma 1s generally thought of as a d1sease of the small a1rways 
!Macklem 1971) 1 but w1th more severe obstruction, the large a1rways 
become obstructed. It has 
funchon tests reflect 
been suggested 
obstructlon of 
that different pulmonary 
different parts of the 
tracheobronchial tree !Bouhuys et al 1970). Therefore, it is necessary 
to select pulmonary funct1on tests to detect changes 1n the small and 
large a1rways, and tests wh1ch are least affected by effort. 
The availab1l1ty and simplicity of 1nstruments to measure PEFR and 
FEVt led to their use 1n document1ng the incidence and severity of EIA 
!Anderson 1983). More recently, the changes in large airways have been 
1nvest1gated by the use of whole body plethysmography measuring lung 
volumes and derivat1ves of a1rway resistance, with changes in small 
a1rways evaluated using max1mum expiratory flow volume manoeuvres 
!Godfrey 1983). Cons1derable debate has been entered into as to the 
relat1ve merits of the various lung function tests to assess for EIA. 
A compar1son of the sens1tivity of var1ous techn1ques used to 
assess the changes of the airways 1n 24 asthmatic boys by Buckley and 
Souhrada 11975) concluded that trad1tional methods of PEFR and FEVt 
were not as sens1t1ve as other measurements such as spec1fic a1rway 
• 
conductance !SGaw) 1 max1mum mid-exp1ratory flow !MME;F> and closing 
volume !CV>. They suggested that PEFR is not a specific test of lung 
functl on, representing both large and small airw~y'obstruction, and 
thus not nearly as sensit1ve as other pulmonary function tests. In 
addit1on 1 1t was suggested that FEV 1 was rather too effort dependent 
and not very spec1fic, reflect1ng not only 
obstruct1on but also changes of airway 
reco11. They further commented that when 
small and large airway 
collaps1b1lity and elastic 
the peak flow meter was 
1ntroduced by Wr1ght and McKerrow 1n 1959, its purpose was to provide 
only a qu1ck screening test, a role wh1ch it has adequately fulfllled. 
However, due to 1ts conven1ence the peak flow meter has been used when 
more sens1tive pulmonary function tests would be more su1table, and 
hence has delayed the cr1t1cal evaluation of exercise on asthma. 
In defence of the trad1t1onal methods of measur1ng airway changes, 
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Anderson and Schoeffel 11983) stated that the measurements of PEFR and 
FEV 1 were much more reproducible than measurements such as SGaw, flow 
rate at 50% of v1tal capacity IV50l and the forced expiratory flow in 
the m1ddle half of the vital capac1ty IFEF 25-75). In addition, PEFR 
and FEV 1 are not dependent on prolonged and complete expiration so 
measurements may be made at frequent Intervals both during and after 
exercise. Indeed, the changes 1n PEFR and FEV. correlated well with 
the changes in FEF 25-75 and V50 (Anderson and Schoeffel 1983>, so a 
complete expiration IS not required If spirometry is to be used. In 
addition, 1t has been demonstrated that simple indices of PEFR and 
FEV 1 are adequate even when lung volumes are changed. 
The lack of sensitivity of PEFR and FEV, to detect changes in 
pulmonary function, compared to measurements such as SGaw, V50 and FEF 
25-75, must be placed 1n perspective. The response of the asthmatic to 
the pulmonary function tests, must be compared to the response of the 
non-asthmatic. Indeed the concept of sensitivity tends to ignore the 
fact that non-asthmatics have greater changes in parameters such as 
SGaw: For example, for the percentage reduction in SGaw to be 
considered abnormal, a fall of 50% or more IS required. Th1s IS in 
contrast to FEV 1 or PEFR1 where a 10% fall IS required to d1agnose an 
abnormal response IAnderson 1983). In addition, the changes of FEV, 
and PEFR are well documented for non-asthmatics. Unt1l the responses 
of non-asthmatics to other pulmonary function tests are well 
documented, FEV. and PEFR remain useful tools 1n assessing EIA. As 
Godfrey 11983) has commented, 1t has never been convincingly shown 
• that more spec1f1c tests of lung function are supe~ior to Simpler 
tests for documenting EIA, and thus remain useful 1n assess1ng EIA. 
2.6.5 Def1n1t1on of an Abnormal Response. 
Many stud1es have used purely arbitrary cr1teria to decide whether 
EIA developed or not, varying from wheeze to a fall in PEFR of at 
least 25% (Cropp 1975). Thus, in order to measure the Incidence of 
EIA 1t IS necessary to examine the extent to which asthmatics differ 
from non-asthmatics, and set the criteria to diagnose EIA 1n relation 
to such observations. Thus, several studies have examined the 
bronchial !ability and more specifically the post-exercise decrement 
1n lung function of non-asthmatics. 
Based on the stud1es of S1lverman and Anderson (1972), Anderson et 
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al (1975) and Burr 11974), Godfrey 11983) reported that the average 
rise 1n PEFR during exercise was 37. to 47. in both non-asthmatiC 
children and adults, w1th a max1mum post-exercise fall In FEV 1 from 
pre-exerc1se of 9Y. to 107.. Furthermore, Burr et al 11974> in a study 
of 812 non-asthmatic 12 year old children found that 927. and 987. of 
them had a post-exercise falls 1n PEFR of less than 107. and 157. 
respectively. Thus, a post-exercise reduction in the PEFR or FEV 1 
must be greater than 107., if asthma 1s to be confirmed !Anderson 
1983). 
2.6.6 Reproduc1b1l1ty. 
The reproducibility of an asthmatic response, is usually expressed 
as the var1ab1lity of the EIA provoked as a result of repeated 
exercise tests 1n the same subJects, and this expressed as a 
coefficient of var1at1on. 
The EIA after cycl1ng has been reported to be more variable than 
With other forms of exerc1se: Coefficients of variation ranging from 
307. !Katz et al 1971) to 4107. !Poppius, Muittar, Kreus, Korhonen and 
VilJanen 1970) have been reported for repeated cycle exerc1se tests. 
Thus cycle ergometry has been found to be unsatisfactory for testing 
EIA. However, Jones 11966> reported only a 207. coefficient of 
variation among treadmill tests for the assessment of EIA. Similarly, 
S1lverman and Anderson (1972) reported an average coefficient of 
var1at1on of repeated runn1ng exerc1se tests Within one week was 217., 
• 
although th1s was Increased If the interval between tests was longer. 
Therefore, runn1ng 1s a more reproducible test for EIA than cycling. 
With the establishment of 
diagnosing EIA, attent1on 
an agreed 
turned 
phys1olog1cal consequences of EIA and 
proposed to explain the pathogenes1s of 
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reproducible procedure for 
to an explorat1on of the 
to the possible mechanisms 
EIA. 
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2.7 The Phys1olog1cal Changes w1th Asthma and EIA. 
Exercise-induced attacks may vary from other asthma attacks by 
be1ng sudden 1n onset, short in duration, usually self terminating and 
always reversible by bronchod1lators. However, asthma as a result of 
exertion IS phys1ologicall y identical to asthma initiated 
spontaneously or following other provocations. 
changes 1n EIA, are outlined below: 
The physiological 
2. 7. 1 Lung Functl on. 
The characteristic pattern of the response of the lung function, 
measured by PEFR and FEV., of the asthmatic to exercise has been 
mentioned earl1er 1n the review. In summary, a reduction 1n airflow 
resistance With an Improvement 1n expiratory flow rates occurs 
Immediately after exercise, and then a Widespread narrow1ng of the 
a1rways results 1n an increased airflow resistance with a 
corresponding reduction in expiratory flow rates, 5 to 10 m1nutes 
post-exercise. In addition, other pulmonary changes in asthma as 
described by Pride (1983), will equally apply to the asthma provoked 
with exercise. For example, the enhanced airway narrowing will lead 
to increases 1n the res1dual volume and the functional residual 
capacity, and a reduct1on 1n v1tal capac1ty, whereas a good gas 
transfer IS usually maintained. As asthma becomes more severe the 
max1mum flow w1ll be reduced at all lung volumes and residual volume 
rises further. 
' 
2.7.2 Inequalities of Ventilation and Blood Flow. 
Dur1ng an asthmatic attack or even when the lung function IS w1th1n 
the normal range, the distribution of ventilation may be uneven !Pr1de 
1983). An uneveness of vent1lat1on Will lead to an imbalance 1n the 
ventilation and blood flow (perfusionl, and thus to arterial 
hypoxaemia 
changes. 
unless the pulmonary blood flow shows corresponding 
Although 1t has been demonstrated that the perfus1on 
abnormality does occur 1n poorly ventilated areas, this redistribution 
of the blood flow is not suff1c1ent to compensate for the uneveness in 
vent1lat1on. Th1s will result in inefficient gas exchange, leading to 
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w1de alveolar-arter1al P02 differences and 1ncreased dead-space to 
t1dal volume rat1os IAnderson et al 1972; Young et al 1982). Usually 
the decrease 1n the!PaOz 1 w1th EIA 1s modest, and tends to be less 
severe than observed Wlth spontaneous attacks of asthma. Rarely will 
COz retention also occur w1th EIA ICropp and Tanakawa 1977; Anderson 
et al 19721. 
Although the physiological changes occuring with EIA are well 
def1ned and understood, the mechanism by wh1ch exercise provokes the 
asthma is not so clear and will be exam1ned in the follow1ng section. 
2.8 The Factors Respons1ble for Provok1ng EIA. 
Exercise and allergens are two of the maJor triggers to asthma. 
Allergens are well understood, in the1r-ab1lity to provoke asthma, 
because the stimulus to produce asthma can be well defined and 
controlled, and therefore the relationshlp between the stimulus and 
response can be quant1fied. On the other hand, although EIA affects a 
large percentage of asthmat1cs, and hence is a potent influence on the 
lives of many asthmatics, advances 1nto the quantitative relat1onsh1p 
between the stimulus and response in EIA have only been made in the 
last few years. 
In order to find the property of exercise that is responsible-for 
induc1ng asthma, 1nvest1gat1ons have concentrated in three main areasa 
11) An 1dentif1cat1on of abnormal humoural responses to exercise of 
the asthmatic, wh1ch may be responsible for provoking EIA. 
12) 'A critical evaluation of the ventilation rate a~ a st1mulus to 
EIA, and 
13) A closer evaluat1on of the properties of the 1nspired air, such as 
temperature and hum1dity, as a stimulus to ventilation. 
2.8.1 Abnormal Humoural Factors of Exercise as Stimuli to EIA. 
' Observations that asthmat1cs have an 1ncreased accumulat1on of 
blood lactate compared to non-asthmat1cs, led Seaton et al 11969) to 
suggest that the assoc1ated metabolic acidosis acts as a trigger at 
the cellular level to in1t1ate bronchoconstr1ction. However, studies 
compar1ng exerc1se and 1socapnic hyperventilation found no 
in the increase 1n airways resistance for each condition, 
change 1n blood lactate for the hyperventilation challenge 
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difference 
despite no 
IBundgaard 
et al 1981al. Thus blood lactate was dismissed as a direct st1mulus 
for EIA. 
The most popular theory 1n the 1970's for the mechanism of EIA was 
based on the observation that sodium cromoglycate, an inhibitor of 
mediators from the mast cell, g1ven 'before' exerc1se prevents EIA 
<Silverman and Andrea 1972). Thus Godfrey (1977) put forward a simple 
model to explain EIA suggest1ng that exercise has two opposing 
effects: F1rstly, the catecholamine release, during exercise, favouring 
bronchodilat1on; and secondly, the release of stored mediators from 
the mast cell favouring bronchoconstr1ction. During exercise, these 
forces are more or less balanced, with a slight bias in favour of 
bronchodilat1on. At the end of exercise, the autonomic discharge 
rapidly ends and the unopposed mediators cause bronchospasm. 
Th1s theory was able to explain many of the phenomenon of EIA: The 
observation that mediators required t1me 
the refractory per1od to further EIA 
for resynthesis, explained 
(Edmunds et al 1978). In 
addition, the protective effect of the catecholam1nes or the removal 
of mediators explains why Schnall and Landau (1980) observed that 
brief h1gh intens1ty (30 seconds) exercise preceeding a 6 minute run 
caused a reduct1on in the EIA. In addition, Godfrey (1977) bel1eved 
that the mediators of bronchoconstr1ct1on are themselves metabolised 
thus accounting for the reduced EIA when exercise is prolonged. This 
theory of the mechanism of EIA was further supported by the 
observations that asthmatics may have an 1mpa1red adrenaline response 
to exerc1se (Barnes, Brown, Silverman and Dollery 1981; Warren, 
Keynes, Brown, Jenner and McN1chol 1982>, suggesting t~at the lack of 
a protective effect of adrenaline aga1nst the rise of mediators in 
exercise contributes to EIA. However, 1t has been shown that matched 
hypervent1lat1on causes EIA to the same extent as exercise, w1thout 
any changes 1n c1rculat1ng catecholam1nes <Barnes et al 1981>. 
Thus 1n recent years the whole subJect of the nature of the 
mechanism of EIA has been reappraised. The increase in ventilation 
w1th exercise has been confirmed as the pr1mary trigger to EIA on the 
hyperreact1ve airways of the asthmatic, and much recent research has 
exam1ned why an 1ncrease in ventilation acts as a st1mulus to EIA: 
2.8.2 Ventilation as a St1mulus for EIA. 
As long ago as 1946, Herxhe1mer stated that the Increase 1n minute 
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venti 1 att on With exercise caused EIA, and called this 
"hyperventilation asthma". To exam1ne thi,s vanous investigators have 
shown that isocapn1c hyperventilation produced the same degree of 
asthma as exercise IZeballos et al 1978; Tweedale, Godden and Brant 
1981; Bundgaard et al 1981al. It appears that, as a stimulus to EIA, 
exercise IS only a means by wh1ch the m1nute ventilation is Increased. 
Therefore, there is considerable agreement that the Increase in 
minute ventilation with exerc1se has a pr1mary role in EIA IDeal et al 
1979). However, the differences 1n EIA provoked by running and 
sw1mm1ng could not be explained by differences in minute ventilation 
IS1lverman and Anderson 1972). Clearly, the trigger for EIA is not 
simply a mechanical st1mulat1on by ventilation of the tracheobronchial 
tree, as suggested by earlier Investigators. In recent years, several 
investigators have undertaken research to exam1ne whether the higher 
temperature and hum1d1ty of the a1r 1n the swimming pool could explain 
the lower asthmagenic1ty of sw1mm1ng, w1th very far reaching 
consequences for the understanding of the mechanism of EIA. 
2.8.3 Temperature and Humidity of the Inspired A1r as Stimuli to EIA. 
To determine the effect of a1r temperature on the asthmatic 
response, Strauss et al 11977> observed asthmatics exercising on a 
cycle ergometer breathing a1r e1ther at room or sub-freezing 
temperatures. The FEV, fell 21% when breathing air at room 
temperature, whereas thiS response was almost doubled 141Xl when 
breathing a1r at sub-freezing temperatures. Hence, coohng the 
inspired air will exacerbate the asthmatic response. This study gives 
objective verification to the frequent clinical observation that EIA 
is worse 1n cold conditions. 
Likewise, several 1nvest1gators have shown that Increasing the 
hum1d1ty of the 1nsp1red air reduces EIA. For example, Weinstein et 
al 11976> observed a 29.5% fall 1n the FEV, after exercising asthmatic 
children 1n a dry environment, compared to a 13.5% fall In the FEV, 
when 1 nhali ng nebuh sed saline through a masl:. Similar observations 
were obtained on asthmatic children when the effects of breathing 
ambient air and saturated air at ambient temperatures, were compared 
!Bar-Or et al 1977; Chen and Horton 1977). 
Examining the combined effects of varying the temperature and 
hum1d1ty of the 1nsp1red air, Strauss et al 11978) observed the effect 
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of breath1ng Inspired a1r 1n four different conditions: !1) Ambient 
room temperature and humidity, !2) 
hum1d1 ty, !3) Amb1ent temperature and 
temperature and 1007. hum1d1ty. It 
Body temperature and amb1ent 
1007. humidity, and !4) Body 
was observed that heating the 
insp1red a1r to body temperature did not reduce the asthmatic response 
seen 1n conditions of ambient humidity and temperature. However, by 
1ncreas1ng the humidity at ambient temperatures this reduced the fall 
in the FEV,. Furthermore, the inhalat1on of fully saturated air at 
body temperature completely prevented any development of EIA. 
In an attempt to explain the association between EIA and the 
humidity and temperature of the inspired air, it is helpful to outline 
the sequence of events dur1ng a ventilatory cycle. Inspired ,air is 
warmed to 37°C and the water saturation Increased to 1007. humidity by 
the t1me the a1r reaches the alveoli. Th1s 'conditioning' of the 
1nsp1red air up to 37°C and 1007. humidity IS normally completed before 
1t reaches the intrapulmonary a1rways by the nose, pharynx and trachea 
!Hartley 1979). However, dur1ng exerc1se the ventilation required 
cannot be taken 1n by the nose, and thus breathing through the mouth 
leads to the full 'cond1t1oning' of the inspired a1r further down the 
respiratory tract !Chen and Horton 1977). Thus, contrary to 
conventionally held beliefs, dur1ng exercise the upper airway is 
Incapable of fully condit1on1ng the inspired air !Godfrey 1983). 
During the process of cond1t1on1ng the inspired air, heat and water 
are transferred from the respiratory mucosa. During expiration, the 
process reverses along thermal gradients, with only some of the 
' vapourised water condensing back onto the a1rways and only a third to 
a half of the heat transferred recovered. Thus, the net effect of 
these changes results 1n both losses of heat and water from the 
respiratory tract. The higher the minute ventilation and the lower the 
temperature and hum1d1ty of the inspired a1r, the greater both the 
heat and water loss from the a1rways. Thus, Chen and Horton !1977) 
suggested that either heat loss or the water loss may be the stimulus 
to EIA. 
Thus, the effect of the temperature and hum1d1ty of the Inspired 
air on EIA, led to the development of two theories about the initial 
stimulus of th1s phenomenon. Firstly, cooling of the respiratory 
mucosa, and secondly, airway drying. The development of these two 
theories are discussed below: 
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2.8.4 A1rway Cooling as a Tr1gger to EIA. 
On the bas1s of the observations from Strauss et al 11977) that 
exercising in cold a1r w1ll cause a greater fall in FEV 1 than in 
amb1ent conditions, a group of workers from Boston focused their 
attention on the heat loss and the subsequent airway cooling, rather 
than the water loss per se, as the relevant stimuli to EIA. A hlghly 
s1gn1ficant and pos1tive correlation between the heat loss from the 
airways and the magn1tude of the obstruction after exerc1se, was 
revealed IDeal et al 1979). To further test this hypothesis, McFadden 
and Ingram 11979) postulated that if a cause and effect relationship 
exists between respiratory heat exchange and post-exercise 
obstruction, then equivalent thermal stresses w1thout exerc1se should 
cause the same obstruct1on. To exam1ne this, asthmatic subJects 
underwent 1socapn1c hyperventilation at rates equivalent to moderate 
and m1ld exerc1se workloads, while the inhaled a1r was conditioned to 
different temperatures and hum1dit1es. The results confirmed the 
sim1lar1ty between the asthma caused by hyperventilation and exercise, 
confirming that the Initial event 1n EIA was cooling of the a1rways 
due to hyperventilation. 
In add1t1on, d1rect measurements of the temperature in the airways 
revealed that a1rway temperature fell with exerc1se, further 
supporting heat loss as the st1mulus for EIA IDeal et al 1979; 
McFadden et al 1982). Furthermore, the respiratory heat loss was 
similar in non-asthmatics and asthmatics. Therefore, they suggested 
• 
that persons w1th asthma e1ther do not effectively aondition the 
inspired a1r or may be the hyperreact1ve airways of the asthmatic make 
them unusually sensit1ve to the a1rway cooling assoc1ated with the 
conditioning of the 1nsp1red air. However, when cold a1r 1s inspired 
at rest only m1nor changes occur 1n the lung function ISimonsson et al 
1967; Ramsey 1977). Therefore, the processes associated With cool1ng 
of the a1rways and m1nute ventilation are related. Such a 
relationship has been quant1f1ed in an equation by McFadden and Ingram 
11979>, describing the quantitative association between the total heat 
lost from the a1rways during exerc1se and the mechanical response, 
wh1ch has been labelled the "heat flux hypothesiS". 
As a result of these experiments, the suggest1on that the fall 1n 
the temperature of the Intrathoracic airways was the stimulus to EIA, 
ga1ned wide acceptance. Indeed this theory went a long ~ay to explain 
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many of the anomalies in EIA. A study by Bundgaard, Schmtdt, 
Ingemann-Hansen, HalkJaer-Krtstensen and Bloch (1982) comparing 
swtmmtng and cycle exercise under controlled conditions of temperature 
and relattve humtdtty of insptred atr, showed no difference between 
the asthmagentc properties of these two acttvities. Hence, they 
concluded that the dtfference between cycling and swimmtng observed by 
earlter 1nvest1gators was due to differences 1n the RHL under which 
the two activthes were performed. Hence, due to the higher humtdity 
and temperature of the inspired atr 1n the sw1mming pool, swimming 
seems to be a favourable type of exerctse for the asthmattc. However, 
on the contrary a further study showed that at a standardised RHL the 
dtfference between runntng and swtmming was highly significan~, with 
the fall 1n FEVI 39 ~ 5Y. after running compared to 28 ~ 4Y. after 
swtmming (Bar-Ytshay, Bur, lnbar, Neuman, Dlin and Godfrey 1982). 
Exam1n1ng the questionable dtfference between various land based 
acttvtttes on the abtlity to provoke EIA, Bundgaardet al (1982cl 
compared treadmtll walktng, treadmtll runntng, btcycle ergometry and 
free runntng in 11 adults wtth EIA, under the same condttions of air 
temperature <23°Cl, humtdity (40Y.l and venttlation. The decreases 1n 
PEFR after exerctse were not 
types of exerctse. Thus, 
stgniftcantly different for the four 
under the same conditions of metaboltc 
stress and heat loss, land based acttvtttes were shown not to vary 1n 
thetr abtltty to provoke EIA. 
Thus 1t has been suggested by McFadden (1980) that the severity of 
EIA depends on the underlytng state of the atrway tnf~ammatton; the 
absolute level of ventilatton; and the cltmatological factors such as 
atr temperature and humtdity. It does not depend' on the speciftc 
exerctse type <wtth the exceptton of swimmtngl, as formerly thought. 
Thus, 
exerc1se 
the 
acts 
"heat flux hypothests" offered an 
as a tr1gger to the asthma based on 
explanation 
the cooling of 
why 
the 
airways durtng condtttoning of the tnspired atr. This incorporated 
many of the factors prevtously offered by tnvestigators as the trigger 
to EIA, and the theory of airway cooltng was wtdely accepted by many 
workers. However, more recently, the posstbility that the resptratory 
water loss leadtng to atrway drytng rather than airway cooltng, may be 
the relevant sttmulus 1n EIA: 
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2.8.5 Respiratory Water Loss as a Stimulus to EIA. 
A re-analysis of the role of respiratory heat loss 1n the 
pathogenesis of EIA was necessary in the l1ght of contrad1ct1ng 
observations. For example, EIA has been demonstrated both under 
cond1tions of negl1gible resp1ratory heat loss from the work of Deal 
et al (1979!, and 1n cond1tions 1n wh1ch only small changes 1n 
retrotracheal temperatures have been demonstrated <Hahn et al 1984; 
Sheppard et al 19841. In addition, patients with asthma were shown to 
have a fall in the FEV, after 1nhaling small doses of aerosols of 
hypertonic solut1ons <Anderson et al 1981). Thus, the respiratory 
water loss for the cond1t1on1ng of the insp1red air, lead1ng to a 
drying of the airways and thus to hyperosmolarity of the epithelial 
fluid of the large a1rways, has been postulated as the stimulus to EIA 
<Anderson et al 1982; Anderson 19841. 
In order to exam1ne the hypothesis that a1rway dry1ng is the 
stimulus to EIA, Hahn et al (1984) performed a study on 10 asthmatics 
who exerc1se~ breath1ng a1r at var1ed temperatures, but identical 
water contents. Although the range of temperatures of the inspired 
air var1ed by 26°C and thus the resp1ratory heat loss would be equally 
varied, the airway responsiveness was not different. A further study 
by Sheppard et al (1984! exam1ned 12 asthmat1cs hypervent1lating in 
dry a1r at three different temperatures (-5°C, 22°C 1 and 37°C). In 
the three cond1tions, the minute ventilation required to provoke a 
1007. 1ncrease 1n airways resistance was not sign1f1cantly different, 
although the RHL var1ed widely. These studies suggest tbat the airway 
response Will be sim1lar if the relative water loss lRWLl rema1ns the 
same, though the RHL may vary widely. Thus RWL 1s a more potent 
st1mulus for EIA than resp1ratory heat loss. 
Investigat1ons involv1ng the Inhalation of hypotonic and hyperton1c 
aerosols have conf1rmed that asthmatics are indeed very sens1t1ve to 
changes in the csmot1c environment of the respiratory tract. A direct 
relat1onship between the extent of the osmotic st1mulus to the a1rways 
and the potency 1n produc1ng a1rflow obstruction has been demonstrated 
( 
<Anderson et al 1983). 
dextrose solut1on did 
In add1tion, the Inhalation of an !so-osmolar 
net provoke airway obstruction whereas the\ 
'Inhalation of a hyperosmolar dextrose solutions provoked the asthma, 
thus confirm1ng hyperosmolarity as the stimulus <Eschenbacher et al 
1984). However, much of the work associated w1th the development of 
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this hypothesis has been indirect, and thus further stud1es are 
requ1red to canf1rm the changes in the osmolarity of the ep1thelial 
flu1d l1n1ng of the a1rway mucosa dur1ng EIA !Lee and Anderson 1985), 
It has been suggested that both a1rway cooling and the hypertonic 
effects of the resp1ratory water loss may operate together as a 
stimulus to EIA. It 1s recognised that patients with asthma may 
d1ffer 1n the1r sens1tivity to a1rway cooling or changes 1n osmolarity 
s1nce the enhancement of EIA by cold, d~y ai~ is not un1versal, and 
not all pat1ents develop EIA when breathing hot, dry a1r (Lee and 
Andersan 1985) • 
2.9 Mechanisms by which Bronchocanstr1ctian Occurs. 
Although there is same agreement of opin1on on the 1nitial factor, 
there 1s 
cooling 
less1-7;n;~;sus 1regard1ng the sequence expla1mng how airway ~----~--
or an asmot1c stimulus leads to, and sustains 
branchoconstr1ct1an. It 1s postulated that substances may be released 
from the mediator cells 1n the branchial mucosa in response to these 
st1muli, which are capable of inducing the contract1on of bronchial 
smooth muscle. Indeed it has been demonstrated that a hyperosmolar 
or cold st1muli can lead to mast cell activat1on and mediator release 
!Eggleston et al 1984; Wasserman et al 1977; and Shaw et al 1985). 
Or1g1nally, because they were unable to detect the l1beratian of 
the mediator, leucocyte chemotactic factor, after 
• hypervent1lat1an-1nduced asthma 
McFadden 19801, they concluded 
!Deal, Wasserman; Sot~r, Ingram and 
that EIA did not 1nvolve the 
lntervent1on of med1ators and the respiratory heat or water loss led 
to a neural reflex in pravok1ng bronchoconstr1ctian. However, a 
number of observat1ans make the involvement of mediators 1n the 
development of EIA, l1kely: As Godfrey !1983) has questioned, the 
changes 1n lung funct1an lag far behind the fall in mediastinal 
temperature, and the FEV1 rema1ns depressed after the temperature 
returned to basel1ne. This 1s not the pattern that would be suggested 
far a neural reflex, and suggests the 1nvolvement of a chemical 
media tor. In add1tion, the pharmacolag1cal agent, sodium 
cromoglycate, wh1ch 1s thought to prevent med1ator release, has been 
shown to 1nh1b1t EIA !Anderson, Seale, Ferr1s, Schoeffel and Lindsay 
1979). Furthermore, Lee, Nagy, Nagakura, Walport and Kay !1982) 
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demonstrated the release of the mediator, neutrophil chemotactic 
factor, 1n EIA and 1ts suppression by sod1um cromoglycate as a result 
of exercise in asthmatiCS. These f1nd1ngs would indicate that 
mediator Involvement 1s highly likely in the pathogenesis of a1rway 
obstruction after exercise. 
However, the observation that a neutrophil chemotactic factor IS 
detectable in the blood of only approximately 75% of asthmatic 
individuals experiencing EIA <Lee et al 1982) 1 would suggest that may 
be for some asthmatics med1ator involvement is not important for EIA. 
Thus future stud1es may reveal that for some asthmatiCS mediators are 
Important, wheras a neural reflex may be more important for other 
asthmatics 1n the pathogenesis of EIA. 
A1rway cooltng and resptratory water loss may both be important for 
the 1n1t1al st1mulus for EIA, and mediator release may or may not be 
Important for the development of the bronchoconstrictlon. As 
suggested by Lee and Anderson (1985) an 1dent1f1cation of 
sub-populatlons of asthmatics in whom a specific stimulus, with or 
without the part1c1pat1on of mediator release, contributes to EIA 
would be useful. As mentioned 1n this discussion, pharmacological 
agents may prevent the phenomenon of EIA 1 and thus EIA need not pose a 
problem to the asthmatic. The drugs used in the preventton of EIA and 
their proposed method of act1on 1 are discussed in the following 
section. 
2.10 Drugs for the Prevention of EIA 
The smooth muscle of the a1rways contracts in response to an 
Increased local concentratton of cyclic guanosine monophosphate (cGMP> 
and relaxes tn response to an increase of cyclic adenosine 
monophosphate <cAMP> Thus variat1on in the cAMP or cGMP levels 
affects the tone of the bronchtal smooth muscle, and the actton of 
drugs for asthma ultimately affect the cAMP levels, either directly or 
indirectly. 
The 1nc1dence of bronchial spasm 1s 
evaluation 
protocol. 
of pharmacologtc 
Th1s w1ll avoid the 
agents 
placebo 
very var1able 
should Involve 
effect, since 
and thus any 
a double bl1nd 
placebos have 
been shown to reduce the EIA s1gn1f1cantly in 40% of children tn a 
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study by Godfrey and S1lverman <1973). Drugs for the prophylax1s of 
EIA act through a var1ety of pathways 1n e1ther or both of two ways: 
(a) by inducing bronchod1latation to compensate for EIA, and by 
(b) block1ng the var1ous med1ators responsible for bronchospasm. 
The effectiveness of the drugs currently used in asthma for the 
prevention of EIA, are discussed below. 
2.10.1 Antichol1nerg1c Drugs. 
Anticholinerg1c drugs, such as Atropine, block the act1on of 
acetylchol1ne on the bronch1al muscle receptors. Acetylchol1ne is 
involved 1n the conversion of guanos1ne triphosphate to cGMP, thus by 
block1ng its pathway, cAMP 1s allowed to dom1nate thus favouring 
bronchodilatat1on of the bronch1al smooth muscle. D1sturbed v1s1on 1s 
a known side effect of Atrop1ne and thus 1s unsu1table for use by 
sportsmen for the prevention of EIA <Shephard 1981). 
2.10.2 Theophyll1ne. 
Theophyll1ne probably promotes 
1ntracellular concentrat1on of 
bronchodilat1on 
calcium and 
by 
by 
of cAMP. 
reduc1ng 
block1ng 
the 
the 
However, 1t phosphod1esterase involved in the metabolism 
seems that theophylline has l1ttle value in the treatment of EIA 
<Anderson et al 19791 although th1s may be because the dose used in 
many studies has been too low. It has been reported that blockade of 
EIA occurs when the plasma theophyll1ne levels are 1n t~e therapeut1c 
range of 10-20 ug/ml <Pollock, Krechel, Cooper and Weinberger 19771. 
2.10.3 Steroids. 
Steroids are effective for the management of asthma, but they offer 
no protect1on 1n the prophylax1s of EIA when taken before exericse 
<Van Ne1kerk 1977). 
2.10.4 Sodium Cromoglycate. 
Although the exact mechanism 
influence 1s unknown, it is 
by which 
thought 
sodium cromoglycate has its 
to act by 1nh1b1ting both the 
release of mediators of asthma from the mast cell such as h1stam1ne 
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and prostaglandin SRS-A, and by 1nhib1t1ng phosphodiesterase, the 
enzyme responsible 
investigations found 
prophylaxis of EIA 
for the breakdown of cAMP. Many early 
cromoglycate to 
(Shephard 1981!, 
be the best treatment in the 
although various studies 
documented an Incomplete 1nh1b1tion !Popp1us, Mu1ttar, Kreus, Korhonen 
and V1ljanen 1970; Pollock et al 1977; Bodfrey and Kon1g 1975!. 
Anderson et al (1979) have suggested that a poss1ble reason for this 
apparent discrepancy 1n the benefit of sod1um cromoglycate in EIA, may 
be accounted for by the fact that patients can be divided into 
dist1nct categories of responders and non-responders. Thus 1t IS 
suggested that future studies investigating sodium cromoglycate should 
clearly d1st1nguish between these two groups. 
2.10.5 Beta-2 receptor acting drugs. 
Drugs act1ng on beta-2 receptors of the lung are used most 
frequently 1n the prevention of EIA, and are very effective. They 
promote bronchod1latat1on by the Increased formation of cAMP, and work 
1n the following way to prevent EIA <Sly 1984!: 
(a) The bronchodilat1on Induced before exerc1se Will compensate for 
the asthma Induced by exerc1se. 
(bl Enhancement of the bronchod1lation 1n exercise, lead1ng to a 
decrease or overriding the bronchoconstr1ction following exerc1se. , 
(c) Prevention of EIA by Inhibiting mediator release or by acting 
directly on smooth muscle to prevent bronchoconstrict1on. 
' The most popular specific beta-2 drugs in current usage are 
terbutal1ne and salbutamol, which 1n the prevention of EIA are taken 
before exercise by aerosol. Sly (1984) examined the duration of 
1nh1b1t1on of EIA of var1ous beta-adrenergic drugs. Salbutamol 
inh1b1ts EIA for the longest period of t1me (4-6 hours!, and thus was 
suggested as the drug of cho1ce for the 1nhib1t1on of EIA. They also 
suggested that when beta-adrenergiC drugs do not afford protection, 
the add1t1on of theophylline, sodiUm cromoglycate or 1nhaled 
cort1costero1d may enhance protection. 
The maJority of stud1es on drugs to prevent EIA have not compared 
the different agents on the same subjects, and therefore a comparison 
of the merits of var1ous drugs is difficult. However, when such 
comparisons have 
protection to EIA. 
been made, beta-2 
A well controlled 
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agon1sts offer the greatest 
study by Godfrey and Konig 
!1976) showed the proportion of children having a significant 
suppression of EIA compared to placebo (defined as greater than a 507. 
block 1n the response) was the greatest for salbutamol (1007.), 
compared to sod1um cromoglycate !807.), choline theophyll1nate (807.) 
and atrop1ne methon1trate !607.). 
Therefore, a var1ety of drugs taken s1ngly have been shown to offer 
asthmat1cs a degree of or total protection from EIA. In addition, 1t 
has been suggested that comb1nat1on therapy may be useful for the 
prevention of EIA, indicating that for some individuals a single drug 
fa1led to offer protection from EIA, whereas combination drug therapy 
yielded a s1gn1ficant therapeutic advantage !Cummings and Strunk 1984; 
B1erman, P1erson and Shapiro 1975). Therefore, In patients w1th 
asthma taking adequate medication, EIA need not be a large problem. 
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SECTION B - The Phys1olog1cal Responses to Exerc1se and to Physical 
Tra1n1ng of Asthmat1cs. 
Th1s sect1on exam1nes whether asthma 1mpairs or changes the 
phys1ological responses to max1mal and submaximal exercise. In 
addition, the phys1olog1cal effect of planned programmes of physical 
tra1ning on the asthmatic w1ll be discussed. 
2.11 The Phys1olog1cal Responses of Asthmatics to Max1mal Exerc1se. 
The 1nteract1on of the respiratory and card1ovascular systems 1s 
essent1al for max1mum exerc1se performance and thus the funct1onal 
1mpairment of e1ther system will adversely affect exercise tolerance 
<Wehr 1976). Whether asthma results 1n a functional 1mpa1rment in the 
resp1ratory system for gas exchange, will depend on two factors. 
F1rstly, 'the sever1ty of the rest1ng __ airflow __ o~st~uctio~~ and 
secondly, whether asthma is provoked during the exercise. In 
add1tion, many asthmatics h~y~be~ome_i~a~t~y~_as __ a~oQseque~ce_of_the 
fear of develo~g_EIA. Thus the resulting 1nact1v1ty may retard the 
development of the c1rculatory system, as 1t would 1n non-asthmatic 
1ndiv1duals. Thus these factors may potentially influence the 
asthmatic~ max1mal response to exercise. It 1s helpful to exam1ne the 
var1ous phys1olog1cal responses of asthmat1cs to maximum exercise in 
order•to evaluate the effect of the asthma. 
2.11.1 Max1mum Ventilation. 
In the major1ty of pat1ents with chronic respiratory d1sorders, the 
exerc1se vent1latory capac1ty 1s highly correlated with the FEV, 
!Sp1ro 1975). Therefore, the max1mum ventilatory capacity in asthma 
will be 1nfluenced by the severity of the a1rflow obstruction. In 
add1tion, ev1dence suggests that the vent1latory lim1ts may also be 
reached during exerc1se 1n pat1ents w1th airflow obstruction. 
In non-asthmat1c subJects the maximum vent1lation atta1nable during 
exerc1se is approx1mately 707. of the maximum voluntary ventilat1on 
<MVVl (Jones and Campbell 1982). However, 1n patients with a1rway 
obstruction, the maximum exerc1se ventilat1on may equal or 1ndeed 
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exceed the MVV IClark, Freedman and Campbell 1969; Jones et al 1971>. 
Thts observatton suggests that the vent1latory limits during exercise 
are reached 1n pat1ents wtth atrflow obstruct1on. 
Observat1ons of the max1mum vent1lation attained during maximal 
exerc1se tn asthmat1cs have y1elded conflicting observat1ons: In 
children w1th chrontc asthma, Cropp and Tanakawa 11977> observed a 
lower maximum venttlation when compared to a s1m1lar non-asthmatic 
group. However, the sever1ty of the asthma, does not seem to affect 
max1mum vent1lat1on for asthmatic children. A study by Bevegard et al 
11976) whtch div1ded the group of asthmatic children 1nto "severe" and 
"mild to moderate" groups according to the number of asthmatic 
attacks, showed that desp1te lower FEV 1 values for the "severe" 
asthmattc group the maxtmum ventilat1on was slightly h1gher (64.8 
l.m1n-•> than that observed for the mild to moderate group of 
asthmat1cs 158.7 l.mtn-•l. With adults, Ingemann-Hansen 119801 
observed a max1mum vent1lat1on rate of 126.1 l.m1n-• IBTPSl for f1ve 
medicated asthmattc males durtng treadm1ll runn1ng, which they claimed 
was a response not different to that observed w1th healthy males of 
simtlar ages. 
Cropp and Tanakawa 11977) have clatmed that any abnormalit1es 1n 
the ventilatory response wtll be related to pre-exerc1se pulmonary 
abnormal1ties. However, they do state that there must be a 
considerable deter1oration in lung functton before the asthmat1c 
cannot increase the ventilation adequately in response to exerc1se. 
They have suggested that this l1mitation ex1sts when FEV. is less than 
• 
bOY. and V1 tal 
Whether a 
capac1ty less than BOY. of predicted normal. values. 
poss1ble 1mpaired vent1latory system of the asthmat1c 
will affect the abil1ty of the asthmatic to perform ~erob1c work, has 
been examined by compar1ng the maximum oxygen uptake of asthmatic and 
non-asthmat1c 1ndtv1duals. 
2.11.2 Max1mum Oxygen Uptake. 
The maxtmum oxygen uptake attatnable during exerc1se by an 
untra1ned subject 1s normally not limited by the maximum vent1lat1on 
rate IDempsey 1986). This 1s because V02 max tn untra1ned subjects 1s 
determ1ned by "weaker hnks" 1n the cha1n of oxygen transport and 
oxygen utilisation, such as cardiac output and the oxidat1ve capacity 
of the skeletal muscle, and not by the capacity for gas exchange 
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across the lung. However, airflow obstruction may limit the max1mum 
ventilation attainable dur1ng exercise and thus prevent a level of 
ventilation sufficient to meet the metabolic demands required to 
perform the work. Thus in pat1ents with significant airflow] 
obstruction, the max1mum ventilation attainable during exercise may 
become the rate l1m1t1ng step in determ1n1ng V02 max. 
Cropp and Tanakawa 11977) exam1ned the peak oxygen uptake of 21 
asthmat1c children and 13 comparable non-asthmatics exercising on a 
cycle ergometer, and observed lower aerob1c work capacities 1n 
chronically asthmatic children than in the non-asthmatics. On the 
other hand, Bevegard et al (1976) observed the max1mum oxygen uptake 
without pre-exerc1se med1cat1on for two groups of asthmatic children 
w1th different sever1t1es of EIA. On the bas1s of the number of 
asthmatic attacks, the children were d1v1ded up into a group with mild 
to moderate asthma and a group w1th severe asthma. It was found that 
the V02 max values obta1ned were not related to the clinical severity, 
and were w1th1n normal l1mits for the Swedish population, despite 507. 
of the boys developing EIA. 
The work w1th asthmatic adults, however, has not directly compared 
the VOz max of the asthmatic with the non-asthmatiC: In a study of 
five adult asthmatic males, w1th a mean age of 34 years, 
Ingemann-Hansen et al 11981) compared the treadmill and cycle 
ergometer VOz max values, both w1th the pre-exercise Inhalation of 
salbutamol and a placebo. There was no s1gn1f1cant difference in the 
VOz max values obtained w1th the inhalat1on of salbutamol or the 
placebo. The coefficient of var1ation reported for the determination 
of VOz, max was 4.77., wh1ch is s1m1lar to that reported for 
non-asthmatic subJects. The VOz max values observed Wl th the 
pre-exerclse Inhalation of salbutamol were 3.13 l.mln-• (41.3 
ml.kg.-•mln-•J dur1ng cycle ergometry, and 3.42 l.mln-• 144.7 
ml.kg.-•mln-•J dur1ng treadmill runn1ng. This 8.27. and s1gn1f1cantly 
higher VOz max during treadm1ll running, compared to cycle ergometry, 
is cons1stent w1th that observed for non-asthmatics. Although no 
control group of non-asthmatiCS was employed, they claimed that the 
values for VOz max were of the same magnitude as healthy young males. 
However, for asthmatic women Afzelu1s-Frisk et al 11977) reported 
lower VOz max values than those for a non-asthmatic population. 
Exam1ning the influence of sex on the V02 max, Bundgaard et al 
(1982bl employing b1cycle ergometry observed V02 max values of 30.4 
36 
and 25.4 ml.kg.-•min- 1 for groups of male and female adult asthmatics. 
Th1s represents a 207. difference of VDz max between male and female 
asthmatics, a value which corresponds closely to the expected 
difference between male and female non-asthmatics, 
Therefore, there seems l1ttle agreement among 1nvest1gators on the 
effect of asthma on VDz max. McFadden (1984) has stated where 
differences ex1st between the V02 max of asthmatics and 
non-asthmatics, th1s is more likely due to inactivity rather than 
asthma per se, unless EIA IS provoked during the test. However, If 
pre-exerclse abnormalities in lung funct1on are gross then this will 
adversely affect the max1mum ventilation, which w1ll then be the rate 
11m1t1ng step determ1n1ng the level of VDz max achieved. 
2.11.3 Max1mum Heart Rate. 
lt was suggested by Cropp 119751 that patients with severe a1rway 
obstruction f1nd it d1ff1cult to breathe enough during exercise, hence 
these patients will be unable to reach a max1mum heart rate 
appropriate for their age. This was confirmed by 
119771 who observed that the maximum heart 
Cropp and Tanakawa 
rate ach1eved during 
max1mal cycle ergometer exercise was sign1f1cantly lower 1n asthmatic 
ch1ldren (184 b.mln- 1 1 compared to non-asthmatic children 1197 
b.mln- 1 ), They claimed that this was due 1n part to an early onset of 
leg fatigue, and the Increased work of breathing for the asthmatic 
group. Although the patients did not complain of respiratory distress 
at the end of exercise, 1t was suggested that it may have been dyspnea 
which caused the cessation of exercise, and hence the lower maximum 
heart rate. On the contrary, stud1es by Bevegard et al 119761 and 
Ingemann-Hansen 11980) on asthmatic children and adults, respectively, 
claimed that the maximum heart rates were Within normal limits. 
2.11.4 Respiratory Exchange Rat1o 1n Maximal Exercise IRl. 
When pre-exerclse pulmonary function 1s very poor, some asthmatics 
are reported to be unable to Increase the vent1lat1on sufficiently to 
eliminate the Increased carbon diox1de generated by active muscles 
(Cropp 1977), Therefore a lower R value may be expected at maximum 
work loads for asthmatic IndiVIduals who have a considerable degree of 
pre-exerclse airflow obstruction. Hence, the use of the R value over 
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1.15 <Issekutz et al 1962) to indicate whether V02 max has been 
reached may not be a reliable criterion for the asthmatic subject 
dur1ng maximal exercise. 
2.12 The Physiological Responses of Asthmatics to Submaximal Exercise. 
It has been suggested that with 1ncreas1ng pre-exercise 
obstruction, minute ventilation and the oxygen uptake may be greater 
than what would be expected for a g1ven submaximal work load. In 
addition, 1t has been suggested that the response of blood lactate and 
plasma catecholamines In exercising asthmatics may be abnormal. 
2.12.1 Submaximal Ventilation. 
It has been stated that the ventilation required for a given 
submaximal task is greater for asthmatic indiVIduals than for 
non-asthmatic indiVIduals. Cropp and Tanakawa <1977) observed that at 
rest and throughout exercise, the ventilation was above the mean value 
for non-asthmatic subJects. For example at oxygen uptakes of 51 15 and 
40 ml.kg.- 1 mln-• the ventilation rate of the asthmatic group was 67., 
167. and 187. greater than the non-asthmatics, respectively. Th1s higher 
than normal ventilation rate 1n asthmatics at comparable oxygen 
uptakes was ach1eved by larger t1dal volumes and not by an Increased 
respiratory rate. Thus, both the possible differences in the 
ventilation rate at submaximal work loads and the pattern of 
ventilation between asthmatics and non-asthmatics merits further 
attention. 
Whether the response of the ventilation w1th Increasing work loads 
is Similar for asthmatic and non-asthmatic 1nd1viduals has been 
questioned. The normal response of vent1lat1on to increas1ng work can 
be described by a- non-linear rise 1n ventilation as the exercise 
intensity Increases to near max1mal work loads (Jones and Campbell 
1982>. Cropp and Tanakawa (1977) have described the relat1onsh1p 
between ventilation and oxygen uptake for asthmatic and non-asthmatic 
subjects, examining whether linear or quadratic (parabolic) equations 
could best describe the relat1onsh1p. An optimal fit was provided by 
quadratic regress1on equations for 12 of the 13 non-asthmatic 
subJects. Whereas the relat1onsh1p of only 12 out of the 21 asthmatic 
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subjects was descr1bed best by quadratic equations, with the remaining 
9 subJects the r1se 1n ventilation w1th Increasing work loads was 
linear. 
2.12.2 Submax1mal Oxygen Uptake. 
In addition to the minute ventilation be1ng excessive for the work 
load 1n asthmatic ind1v1duals1 the oxygen cost of the activity may be 
higher. This may 1n part be due to the Increased oxygen cost of 
breathing as a result of some pre-exerc1se obstruction. Therefore, the 
oxygen cost of an activ1ty may be greater for the asthmatic group due 
to an increased energy demand by the ventilatory muscles <Wasserman 
and Wh1pp 1975). More specifically, in two asthmat1c patients, the 
oxygen uptake was recorded at 107. and 267. higher than the predicted 
values for oxygen uptake dur1ng cycle ergometer work. It was suggested 
that further work 1s required to def1ne the relat1onsh1p between the 
oxygen cost of work and the abnormality in pre-exerclse lung function. 
2.12.3 Submax1al Blood Lactate. 
Observat1ons that asthmat1cs accumulated more blood lactic acid at 
a given work load than non-asthmatics <Barboriak, Sosman, F1nk, Maksud 
and McConnell 1973; Bevegard, Er1ksson, Graff-Lonnevlg, Kraepelien and 
Saltln 1971>, led to the proposal that lactic acidos1s was a possible 
• 
mechanism for EIA. Although the relationship between EIA and blood 
lactate was positively conf1rmed by Fisher (1970), more recent workers 
have been much more sceptical about these clai~s. Vassalo (1971) 
although fa1l1ng to find a d1rect relat1onship between EIA and blood 
lactate, suggested that EIA may be caused by increased m1nute 
vent1lat1on and hypocapnia due to h1gh lactate levels. On the 
contrary, 
and blood 
And er son 
other investigators have seen no relationship between EIA 
lactic acid concentration <Chan-Yeung 19711 Silverman, 
and Walker 1972>. In add1t1on, the observations that 
asthmatics produce more lact1c acid at a given work load compared to 
non-asthmatics, are unfounded because recent evidence suggests that 
the higher lactates may be due to the1r lack of fitness <McFadden 
1984). Indeed, a very recent study by Packe, W1gg1ns, Singh, 
Nattrass, Wr1ght and Cayton (1987) confirmed that there IS no 
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difference between the blood lactate produced during submaximal 
treadmill exercise 1n asthmatics and non-asthmatics of a sim1lar level 
of habitual activity. 
2.12.4 Submaximal Respiratory Exchange Ratio !Rl. 
The body obta1ns 1ts energy from two substrates, namely fat and 
carbohydrate. As a gu1de to which fuel IS being ut1l1sed the 
respiratory exchange ratio (Rl IS calculated IVC02 I V02 l. An R value 
of 0.7 Indicates that fat IS be1ng metabolised, whereas an R value of 
1.0 or over, 1nd1cates that all the energy is being suppl1ed by the 
metabolism of carbohydrate. 
It has been suggested that asthmatics 
metabol1s1ng free fatty acids and thus 
!Barbor1ak et al 1973>. In a study of 5 
may have a problem in 
would show a high R value 
asthmatic adults and 11 
control subJects performing exhaustive cycle ergometer exerc1se for 12 
m1nutes, plasma free fatty acids were lower Immediately after exercise 
for both groups, but failed to 'rebound' after exercise 1n the 
asthmatic group compared to the response in the control group. These 
results thus suggest that subJects developing EIA may have to rely on 
CHO as the· main fuel for energy, due to the reduced availability of 
FFA. It was postulated that this may be due to an impaired 
catecholamine response observed in some asthmatic subjects, as will be 
discussed 1n the following section. 
When pre exerc1se pulmonary function is very poor, some asthmatiCS 
have been reported to be unable to increase the ventilation 
suffiCiently to effectively eliminate the increased carbon dioxide 
generated by working muscles !Cropp and Tanakawa 1971). As a result R 
values would be lower than the actual metabolism of CHO would suggest. 
Hence, If the asthmatic 1ndiv1duals have a considerable degree of 
pre-exerclse obstruction 1t is Important to take care in Interpreting 
the R values. 
2.12.5 C1rculat1ng Catecholamines. 
Due to the problems w1th developing a sensitive and specific assay 
techn1que for catecholam1nes 1t 1S only recently that adrenaline lAD> 
and noradrenaline INA> concentrations have been reported for 
asthmatics dur1ng exerc1se. Plasma catecholam1nes are elevated 1n 
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response to exercise 1n non-asthmatic subJects <Barnes et al 1981>. To 
examine whether the adrenergic responses play any part 1n the 
pathogenesis of EIA, the catecholamine responses have been compared 
for reacting and non-reacting asthmatics, and for asthmatics with EIA 
and non-asthmatics. These stud1es have yielded conflicting results. 
A comparison of 11 reacting and 10 non-reacting asthmatic ch1ldren 
<Relnhardt, Nagel, Stemmann and Wegner 1980>, has shown that neither 
group had any change in AD after exercise. However, the group 
experiencing EIA showed a four fold increase in NA levels, whereas the 
group not exper1enc1ng EIA demonstrated only a 1.5 fold increase in 
NA. They concluded that EIA originates from alpha receptor stimulation 
wh1ch 1s mediated by excessive NA release. However, they did state 
that other factors must also be Important, because sodium 
cromoglycate, wh1ch does not act via adrenergic mechanisms, offers 
protection against EIA. This study is however weakened by the lack of 
a control group of non-asthmatics. A further study by Ziel1nski et al 
(1980) compared react1ng and non-reacting asthmatics, in addit1on to 
the responses of a small non-asthmatic control group. In the 10 
patients developing EIA, AD and NA had risen significantly by the end 
of exerc1se, 1n contrast to the non significant r1se for the 10 
non-reacting asthmatics. However, for the 4 controls NA had also risen 
significantly by the end of exercise. Hence, thiS highlights the need 
for the asthmatiC response to be compared to non-asthmatic response, 
before definitive conclusions can be offered. 
The differences 1n the adrenergic 
non-asthmatics has been the focus 
responses of asthmatics and 
of various recent studies with 
asthmatic subJects failing to show a 'normal' rise 1n AD and NA 
concentrations w1th exerc1se. Us1ng a rad1oenzymat1c technique, Warren 
et al (1982) observed the catecholamine response of six non-medicated 
asthmatics and s1x non-asthmatics one minute after a standard exercise 
challenge. Adrenalin~ d1d not change for the asthmatics compared to 
the non-asthmatics who showed a three fold increase. Noradrenaline 
showed a f1ve fold Increase for the non-asthmatics, but to less than 
half th1s level for the asthmatics. Such a response was similar to 
that observed, also us1ng rad1oenzymat1c techniques, by Ind et al 
(1983) and Barnes et al (1981). It has been postulated that the 
fa1lure of adrenal1ne to r1se to provide a protective effect against 
the rise of med1ators With exerc1se, such as plasma histamine, results 
in bronchoconstrict1on 1n the asthmatic. However, although the 
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responses of AD and NA in exercise appear different for asthmatic and 
non-asthmatic subjects, there seems to be little evidence that they 
play a direct role In the trigger to EIA1 
Ind et al <19831, In addition to confirming no change In AD and 
only a small change In NA for asthmatics after a short exercise 
challenge, examined the responses of the EIA and the catecholamines 
after a second exercise challenge performed 40 minutes after the 
first. The fall in FEV. was 36 ~ 5.5 Y. and 5.6 ~ 2.1 Y. for the first 
and ~econd exerc1se challenges respectively, However the catecholamine 
response for either AD and NA after test 1 and test 2 were not 
d1fferent. Therefore, It was concluded that plasma catecholamine 
levels after exercise do not expla1n refractoriness to a second 
exercise test. 
Furthermore, Barnes et al (19811, although confirming the reduced 
sympathoadrenal response to exercise by asthmatics, observed that 
matched hyperventilation produced a similar degree of 
bronchoconstrict1on w1th no change 1n circulating catecholamines in 
either an asthmatic or non-asthmatic group. Thus It was suggested that 
Circulating catecholamines play no direct role In EIA, but may play a 
permissive role v1a the mast cell. 
To summarize, asthmatics may have rather normal phys1cal 
performances, whereas others have more or less reduced capacity due to 
factors related to an lmpaired respiratory function or to physical 
inactivity. In additlon, although the lnterelationships between the 
pulmo~ary funct1on, maximum oxygen uptake and maximum ventilat1on 
values have been speculated upon, this has not been fully examined and 
comprehensively described, 
In addition, the evaluation of the physiological responses of 
asthmatics to submaximal exercise has revealed that asthmatics may 
have higher oxygen uptake values, m1nute ventilation rates and blood 
lactate concentrations for a given work load, compared to 
non-asthmatics. In addition, asthmatics may show a reduced 
sympathoadrenal response to submaximal exercise, although studies have 
shown conflict1ng results. 
Due to the fear of provoking EIA asthmat1cs and in particular 
adults may indeed become inact1ve. As Jones and Campbell (19821 have 
commented, the effect of 1nact1v1ty may be more critical 1n patients 
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with impaired lung function, compared to non-asthmatics, Th1s is 
because the smaller ventilatory reserve of a patient w1th lung disease 
may be more readily encroached upon by 1neffic1ent usage. Thus, 
phys1cal tra1ning has become a therapeutic tool in the management of 
lung d1sease. Thus the next section Will cons1der the effect of 
physical training on the asthmatic. 
2.13 Physical Tra1n1ng and the Asthmatic. 
Due to the problem of EIA, some asthmatics in the past were advised I 
by cl1n1c1ans not to exerc1se, leading to a decl1ne in the capac1ty 
for phys1cal work. However, w1th the proven ability of asthmatic 
' ' 
medication to prevent EIA, asthmatics are now encouraged to take part 
in all forms of exerc1se using pre-exerclse medication. Hence, 
exerc1se programmes are now included 1n the management of patients 
w1th asthma, It has been recommended that the benefits from such 
programmes should , be thought of as having two components, namely the ( 
psychological and the physiological <Chai and Fall1ers 1968>. Although) 
the psychological benefits are of Importance to the asthmat1c, the 
review w1ll concentrate on the physiological benefit of physical 
exerc1se. 
Unt1l the 1970's there was little object1ve ev1dence to support the 
1nclus1on of programmes of physical training 1n the management of the 
asthmatic. Although there was good agreement that asthmatics could 
tolerate well planned act1v1ty programmes (Scherr and Frankel 
1958;Chai, Falliers, D1etiker and Franz 1967) the·benef1ts claimed 
were based on subJeCtive rather than object1ve observations. As Sly, 
Harper and Rosselot (1972) have commented, the studies failed to show 
obJeCtive benef1t, but the psychological adJustments shown seemed 
suff1c1ently great to convince the workers of the value of the 
programme. Hence, the effect of physical training on the asthmatic was 
s1nce exam1ned more obJectively to observe the changes in: 
Ill cardio-respiratory fitness, 
(2) pulmonary funch on, and 
<3> the degree of exercise-Induced asthma. 
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2.13.1 The Effect of Phys1cal Training on Cardio-Resp1ratory Fitness. 
One of the aims of the partic1pat1on of asthmatic children or 
adults in tra1n1ng programmes, 1s to 1mprove the maximum oxygen 
uptake, so that da1ly activ1t1es are less demanding. The examination 
of the phys1ologlc effect of train1ng on the asthmat1c has ma1nly been 
undertaken us1ng general activ1ty programmes, although there have been 
a few studies observ1ng the effects of endurance train1ng. The work 
employing these two type of train1ng will be reviewed. 
(a) General Act1vity Programmes. 
Numerous stud1es have been made on the physlological benefit of 
general cond1t1on1ng programmes comprising for example, interval type 
tra1n1ng includ1ng c1rcu1t tra1n1ng, gymnast1c exerc1ses and games. A 
var1ety of results have emerged on the benef1ts of th1s type of 
tra1n1ng on aerob1c fitness. 
General condit1oning programmes 1n asthmatic ch1ldren have resulted 
in improved ·cardlovascular 
phys1olog1cal changes after 
measured V02 max directiy, 
effic1ency• as observed by a var1ety of 
training. Only a few studies have 
although many studies have documented 
changes dur1ng submax1mal exerc1se sim1lar to those documented for 
non-asthmatics after a per1od of physical training <Astrand and Rodahl 
1977>. Increases 1n V02 max after tra1ning have been shown when th1s 
parameter has been measured !Ose1d and Haaland 1978; Mrzena et al 
1976): Measurements dur1ng submax1mal exercise show1ng.changes after 
tra1n1ng have 1ncluded decreases in heart rate !Ose1d and Haaland 1978 
and Henr1kssen, N1elsen and Dahl 1981b and 1983) and lower plasma 
lactates <Henrikssen et al 1981bl at a given work load. In addition, 
an increased phys1cal work capac1ty at a given heart rate (Lelsti et 
al 1979; Svenon1us et al 1983) and an 1mproved exercise tolerance <Sly 
et al 1972; Mallinson, Cockcroft, Burgess and Dav1d 1981) after 
general cond1t1on1ng programmes have been documented for the asthmatic 
ch1ld. Furthermore an 1mproved post-exercise recovery heart-rate has 
been documented IM1llman, Grundon, Kasch, Wilkerson and Headley 1965). 
However, on the contrary, Sel1gman, Randel and Stevens (1970), Vavra, 
Macek, Mrzena and Sp1cak (19711, Geubelle, Ernould, Jovanov1c (1971> 
and Graff Lonnev1g, Bevegard, Er1ksson, Kraepelien and Saltin (1980) 
have failed to show any physiolog1cal benefit of general tra1ning 
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programmes on asthmat1c children. 
However, the maJor1ty of stud1es agree that asthmatic children can 
tolerate act1v1ty programmes and obta1n some phys1cal benef1t. Those 
stud1es wh1ch have not shown physical benefit used ball games and 
gymnast1c exercises as the mode of tra1n1ng <Vavra et al 19711, and 
very low intens1ty training compr1s1ng walking <Beubelle et al 19711. 
These types of activit1es could not be expected to improve the max1mum 
oxygen uptake. 
Many of the stud1es outl1ned above d1d not include a control group 
<Millman et al 1965; Sel1gman et al 1970; Vavra et al 1971; Beubelle 
et al 1971; Le1st1 et al 1979; Mall1nson et al 19811, hence placing 
some doubt on the flndings. Where control groups of asthmat1c ch1ldren 
who d1d not alter their hab1tual level of activ1ty were used, a 
greater change 1n the aerob1c f1tness of the tra1ned group compared to 
the control group was observed <Osei d and Ha a land 1978; Henri ksen et 
al 1983; Sly 1972; Svenon1us et al 19831. Only one study has compared 
the asthmat1c and non-asthmatlc ch1lds' response to tra1n1ng <Mrzena 
et al 19761. Th1s study showed that the asthmatic group showed a 
larger increase in V02 max than the non-asthmatlc group, after the 
same tra1ning. Th1s was thought to be due to the lower level of 
f1tness of the asthmat1c group before training. 
Although the results from asthmatic children cannot be d1rectly 
appl1ed to asthmatic adults, similar studies with adults employing 
general cond1t1on1ng programmes have yielded the same conclus1on: 
Itkln and Nacman (19661 'observed that 75'l. of the 39 asthmatic adults 
showed an 1ncrease 1n V02 max 1n response to phys1cal ~raining using 
calisthen1cs and sports act1vit1es. Furthermore, H1rt (19641 exam1ned 
the responses of adults with severe asthma to c1rcui t 'style train1ng, 
and observed a sign1f1cant 1ncrease ln V02 max compared to the 
non-active asthmatic control group. In addition, Afzel1us-Fr1sk et al 
(19771 exam1ned h1gh 1ntens1ty 1ntermittent exerc1se in adults with 
severe asthma observing a signif1cant 1ncrease in V02 max, and 
signif1cant decreases in submax1mal heart. rate at a given work load. 
To further examine the effect of the intensity of training, Bundgaard 
et al (1982bl compared the responses of two groups of asthmatic 
adults, one performing high intensity work and the other perform1ng 
low 1ntens1ty work. They observed that the group involved in high 
intens1ty tra1n1ng showed a s1gnif1cant 1ncrease in V02 max from 27.6 
to 30.4 ml.kg.- 1 m1n-•, whereas the low intens1ty training group showed 
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no change, Hence, th1s study can account for some of the d1screpancy 
in the results of prev1ous training studies employ1ng intermittent 
exerc1ses 1 1nd1cating that 1f the intens1ty of the exerc1se is not 
suff1c1ently high no change 1n the V02 max can be expected. 
Although several stud1es have shown an 1ncrease in V02 max or 
changes 1n related parameters, the type of tra1n1ng used by many of 
these invest1gat1ons 1s more likely to lead to gains 1n muscular 
coord1nation and strength than improved cardiovascular eff1ciency. 
Interm1ttent exercise compared to continuous exerc1se is less likely 
to provoke EIA (Strlck 1969 and Morton et al 1982) 1 but is less likely 
to lead to good 1mprovements of aerob1c fitness, compared to act1vity 
of a continuous nature. 
(b) Cont1nuous <Endurance) Activ1ty, 
Tra1n1ng employ1ng act1v1ty of a cont1nuous nature has been shown 
to lead to good 1mprovements in the VOz max of prev1ously untrained 
non-asthmatlcs (American College of Sports Medic1ne 1978!. However, 
few stud1es have documented the safety and phys1olog1cal effect of 
act1vity of tra1n1ng us1ng a continuous act1v1ty on the asthmat1c. 
D1stance sw1mm1ng and d1stance runn1ng have been evaluated for 
asthmat1c children, whereas no stud1es have 1nvolved the asthmatic 
adult. 
Although sw1mm1ng has been recommended as the sport for the 
asthmat1c, l1ttle evidence ex1sts document1ng the physiologic effect 
of sw1mm1ng programmes. Chai and Falliers (1968) and Taylor, Brk1ch 
and Herron (1968) both employed swimm1ng training for the asthmatic, 
but they d1d not measure the changes 1n aerobic f1tness. Only one 
study by F1tch and Godfrey (1976) observed the physfologic effect of 
d1stance sw1mming training on a group of asthmatic ch1ldren, The 
phys1cal work capacity, at a heart rate of 170 b.min-• on the cycle 
ergometer, was measured before and after 5 months of swimming training 
and showed an 1ncrease of 11 k, Therefore, desp1te the test be1ng 
performed on land, after train1ng 1n the swimm1ng pool, there appeared 
to be a good 1mprovement 1n V02 max. Hence, it seems some transfer 
exists between the physiolog1cal changes through swimming training to 
land based activ1ty, thus supporting sw1mming as the exercise cho1ce 
of the asthmat1c. However, asthmatics w1thout access to a swimm1ng 
pool or asthmatics unable to sw1m would be deprived of a good level of 
aerobic fitness. Therefore a more recent study examined the safety and 
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phys1olog1c effect of endurance runn1ng training on asthmatic 
children, because 1n theory th1s type of activ1ty 1s more readily 
ava1lable. 
Endurance runn1ng of a continuous nature is a more asthmagenic 
sport compared to sw1mming <Bar Yishay et al 1982) or intermittent 
running <Marten et al 1982), and hence 1t has been the least 
recommended sport for the asthmatic. However, Nickerson et al (1983) 
stud1ed the effect of a controlled period of distance running on 15 
ch1ldren with severe asthma. After a control period, the training was 
performed 4 days a week for a 6 week period w1th the distance run 
gradually increased to 3.2 km. The changes in aerobic fitness was 
measured by the distance run 1n 12 minutes to reflect the VOz max, 
which was s1gnif1cantly greater after training. They concluded that 
distance runn1ng is safe and can increase the fitness of asthmat1c 
ch1ldren who are rece1v1ng adequate therapy. 
In asthmat1cs not tak1ng pre-exerc1se med1cat1on, training 
1ntens1t1es known to 1mprove the phys1cal work capac1ty may not be 
tolerated because of the EIA they provoke (Svenonius et al 1983>. Thus 
the need for adequate pre-exerc1se med1cation, 1f full benefit is to 
be gained from train1ng reg1mes, is essent1al (Oseid and Haaland 
1978). Th1s w1ll allow the asthmat1c to partic1pate to the greatest 
extent w1thout exper1encing EIA. Indeed, all training studies, with 
asthmat1cs us1ng pre-exerc1se med1cation, have shown a good 
improvement 1n aerobic capac1ty 1nd1cating that effective tra1n1ng 1s 
possible if EIA 1s prevented by pre-exercise med1cat1on <Oseid and 
Haaland 1978; Schnall and Landau 1982; Henriksen and. Nielsen 1983; 
Svenonius et al 1983). Indeed, 1f pre-med1cated there seem to be no 
reasons why sw1mm1ng should be preferred to dry land exercises. 
To evaluate and compare the effects of dry land and swimm1ng 
tra1n1ng using pre-exerc1se asthmatic medication, Schnall and Landau 
(1982> d1vided a g~oup of 31 asthmat1c ch1ldren into a sw1mm1ng 
training group, a dry land tra1n1ng group comprising intermittent 
exerc1se, and a group perform1ng both types of exercise. No difference 
was observed 1n the degree of EIA induced by the different exerc1ses 
when the children received pre-exerc1se med1cation. In addit1on, after 
the 10 week training period a sign1f1cant reduct1on 1n heart rate of 
the asthmat1cs occurred wh1le runn1ng on the treadmill, for both the 
dry land and combined activ1ty groups, whereas no sign1f1cant change 
was seen for the sw1mming group. Therefore, they concluded that 
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prov1ded the asthma was adequately managed, an appropriately planned 
land based exerc1se programme would result in similar or greater 
advantages to those obtained from sw1mm1ng, w1thout added risk of EIA. 
Asthmatics tak1ng pre-exerclse medicat1on can obta1n physiological 
benef1t from phys1cal tra1ning 1n a s1m1lar manner to non-asthmat1cs. 
However, the response of the asthmatic adult to endurance running 
tra1n1ng, wh1ch is the most asthmagen1c sport but also the most 
available sport, has not prev1ously been examined. 
2.13.2 The Effect of Phys1cal Tra1n1ng on Pulmonary Function. 
It 1s of obv1ous 1nterest to know whether physical tra1ning will 
change the basal asthmat1c cond1t1on as reflected by changes 1n 
rest1ng pulmonary function. The available studies have shown 
' eqUl vocal " 1 results. 
~- --
Stud1es on asthmatic ch1ldren have reported s1gn1ficant increases 
in the vital capacity after physical training (Hillman et al 1965; 
Petersen and McElhenney 1965). In addition, a res1dent1al programme of 
phys1cal tra1ning on asthmatic children <Hall1nson et al 1991) has 
shown significantly higher PEFR and improved cl1n1cal status. However, 
th1s 1mprovement must be quest1oned because it may be due to the 
1ncreased use of med1cat1on under superv1s1on or removal from the 
1rr1tants of the home, 1n addition to or instead of the 1nfluence of 
phys1cal tra1n1ng. Alternative reasons for an 1mprovement in pulmonary 
mecha~1cs other than phys1cal tra1n1ng seem qu1te }ikely because 
var1ous stud1es have shown no s1gnif1cant change 1n rest1ng pulmonary 
funct1on after phys1cal tra1n1ng in asthmat1c cnildren <Cha1 and 
Fall1ers 1969; Taylor et al 1969; Henr1ksen et al 1991b; Nickerson et 
al 1993; Svenonius et al 1983). 
The results from stud1es on asthmallc adults are also ambiguous. 
Itk1n and Nacman (1966) observed an increase in FEV, in 16 out of 39 
pat1ents and Afzel1us-Fr1sk (1977> observed a sl1ght but s1gn1f1cant 
1ncrease 1n total lung capac1ty, FEV, and 7.FEV, after training. 
However, Bundgaard et al (1993) and Hirt (1964) showed no change 1n 
pulmonary mechan1cs after tra1ning adult asthmatics. 
The general concensus of op1n1on 1s that phys1cal tra1ning alone 
w1ll not change 
have noted that 
lung capacity <Keens 1979). Svenon1us et al (1993) 
an 1ncrease 1n FEV, was largest, though not 
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signiftcant, 1n the group ustng dtsodtum cromoglycate as pre-exercise 
and maintenance medtcation. Hence, increased use of and changes 1n 
medicatton, combtned with physical tratning, may lead to an 
improvement 1n pulmonary mechanics. The effect of physical training 
on the severtty of EIA has also revealed equtvocil results. 
2.13.3 The Effect of Phystcal Tratning on the Severtty of EIA. 
An tmprovement in parameters measurtng changes 1n 
"cardto-resptratory fitness" have been observed after phystcal 
training of the asthmat1c by the maJortty of tnvestigators, but there 
has been less reported on whether training influences the seve~ity of 
EIA. Thus there 1s uncerta1nty as to whether physical training should 
be recommended to asthmattc patients to dtminish EIA. Physical 
tra1n1ng may reduce the ventilatton rate requtred to susta1n a given 
work load. Therefore in theory, if the temperature and humidtty of 
the tnspired atr were kept constant, this reduced mtnute ventilatton 
may lead to a reduced severtty of EIA. Various investigators have 
aimed to examtne thts hypothests, employtng a short running test with 
the asthmattcs not talang pre-exerctse medicahon. 
There have been a number of studtes putttng forward clatms for the 
benef1c1al effect of an 1mproved phystcal fttness on the severtty of 
EIA. Oseid and Haaland (19781 stated that most children obtaining 
phystologtcal beneftt from regular tra1n1ng programmes, also observed 
a reduction 1n the severtty of EIA providtng that the work load used 
befo~e and after tratning was tdenttcal. This wor~ was further 
supported by the ftndings of Henriksen et al (1981bl, wtth asthmatic 
children showing a signtficant decrease in the EIA from 327. to 157. 
after tra1n1ng. 
1 arger group of 
These results were confirmed by a later study wtth a 
asthmdttc chtldren <Henrtksen and Nielsen 19831, 
concludtng that tratning has a beneficial effect on EIA. 
Apprectating the benef1c1al effect of pre-exercise medicatton, 
Svenonius et al (19831 and Arboreltus and Svenontus (1984>, examlned 
the effect of train1ng wtth different pre-exerctse medicattons, on the 
changes in fttness and EIA. They observed that in each tratning group, 
regardless of the pre-exerctse drug therapy, the fttness and the 
degree of EIA after tra1n1ng at the same absolute speed tmproved. Thts 
decrease in EIA was explatned by a lower venttlatton rate 
post-tratning at the same absolute speed. However, 1t was observed 
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that for several children EIA was not provoked even at a maximum work 
load after tra1n1ng imply1ng that a decrease in airway sensitivity had 
occured. Whether th1s reduced 1nc1dence of EIA was due to the Improved 
physical fitness and/or due to the possibly increased medication, 
cannot be determined from this study. 
However, what has been demonstrated by these studies IS that the 
sever1ty of the EIA is reduced post-training at the same absolute work 
load, wh1ch is thought to be due to the lower ventilation. Less 
ev1dence ex1sts as to whether the Improved physical fitness w1ll 
change the bas1c hyper-reactivlty of the a1rways. As Ose1d and Haaland 
!1978) have stated, th1s reduction in EIA is the most important effect 
of the Improved aerob1c fitness after tra1n1ng, allow1ng the asthmatic 
ch1ld to participate 1n physical activities w1th less discomfort, less 
bronchospasm and less use of symptomatic med1cat1on. There have been 
no s1m1lar findings w1th asthmatic adults. 
On the contrary, var1ous stud1es have failed to show any change in 
the sever1ty of EIA after an Improvement 1n physical fitness. Leisti 
et al !1979) observing asthmatic children, showed an Improvement of 
117. 1n the phys1cai working capacity at a heart rate of 180 b.min- 1 
on the cycle ergometer. The peak flow was obtained before and after-
this cycle test, showing a fall of over 15 7. 1n two children 
pre-tra1n1ng and a further child (3 1n all) post-training, out of 16 
asthmatic children. Therefore he concluded that tra1n1ng had no 
benef1c1al effect on the submax1mal exercise-Induced change in PEFR 
and "1nd1v1dual patterns of responses seemed to remain constant. 
However, 1n the group Le1st1 et al !1979) observed, only a small 
percentage showed an asthmatic response to exercise. The low 
1nc1dence of EIA among the group was possibly due to the low intensity 
and long duration of the test for EIA. Other methodological problems 
ex1sted w1th other stud1es: Bundgaard et al !1982bl showed a 10 7. 
Increase 1n VOz max 1n asthmat1c adults after h1gh intensity interval 
type tra1ning, w1thout any change 1n the sever1ty of EIA. The 
measurement of EIA was performed us1ng free running in the hospital 
corridor as the exerc1se challenge, which as the fitness improves 
would most l1kely be performed at a h1gher speed. Hence, the severity 
of EIA would be affected accordingly. 
Other studies failed to apprec1ate the pr1nciple of "spec1ficity of 
tra1n1ng", so that the exercise challenge test for EIA was not the 
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same as the type of training performed. Therefore, the gains in 
fitness would not be reflected in the test employed to assess EIA. 
Fitch and Godfrey 11976) employing swimming training to Improve the 
physical fitness of asthmatic children, found no change after training 
In the degree of EIA after an exercise challenge performed at the same 
absolute running speed on a treadmill. Therefore the frequency and 
severity of EIA was not altered by regular swimming training. Fitch 
and Godfrey 11976) questioned whether this confirms that the response 
to an exercise challenge is a persistent feature of the 
hyper-responsiveness of the airways of the asthmatic, or merely a good 
example of the specificity of sports training. Therefore, he suggested 
that a study should be performed examining the effect of endurance 
running training on EIA using running as the exercise challenge. In a 
tralning study us1ng endurance running, Nickerson et al 11983) showed 
an improvement In aerobic fitness in asthmatic children, as defined by 
d1stance run in 12 minutes, but showed no change in the degree of EIA 
exper1enced. However, they had fa1led to take the advice of Fitch 
regarding the specificity of training, and had tested for EIA on the 
cycle ergometer. The ventilation was not changed at the same work load 
on the cycle ergometer post-training and hence this would suggest that 
training had not altered the hyper-reponsiveness of the airways 
because the degree of EIA was the same with the same vent1lation. This 
adds further support to the hypothesis that the reduction in the 
degree of EIA IS the result of a lower ventilation after training, and 
not changes In the responsiveness of the a1rways. Thus it is necessary 
• 
to match the exerc1se challenge for EIA to the ty.pe of training 
performed; adhering to the princlple of specificity of tra1ning. 
Asthmatlcs can therefore improve their phys1cal fitness with 
training, wh1ch may 1n turn lead to a reduct1on 1n the sever1ty of 
EIA. W1th appropriate medicat1on the asthmatic is now encouraged to 
perform a wide variety of actiVIties. However, endurance runn1ng has 
not been evaluated as a tra1ning mode for the asthmatic adult, and 
thus merits investigation. The effect of endurance runn1ng training 
on the severity of EIA experienced while running, w1ll also be 
evaluated. Although no study on asthmatic adults has shown a reduced 
degree of EIA after phys1cal tra1n1ng it would seem log1cal that they 
should benefit 1n a s1m1lar manner to asthmatic children, and hence 
could lead more normal active lives without experiencing EIA. 
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It has been shown that asthma does not preclude the development of 
the V02 max w1th physical train1ng. Thus the available studies 
document1ng the phys1olog1cal responses to exerc1se of highly trained 
asthmat1cs are reviewed 1n the following sect1on. 
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SECTION C - Endurance Running and the Asthmatic 
This section Will examine the available physiological studies on 
trained athletes who have asthma. There are however, no extensive 
studies on the physiological responses of asthmatics to prolonged 
running. Nevertheless, it IS helpful to consider the responses of 
non-asthmatics to prolonged running In order to appreciate the 
physiological load WhiCh Will be placed on the asthmatiC in his 
attempt to meet the challenge of prolonged exercise. In addition, the 
physiological factors determining success in endurance running for the 
non-asthmatic will be discussed. 
2.14 The Maximum Oxygen Uptake of Endurance Trained Asthmatics. 
As was Illustrated In the previous section of the review, 
asthmatiCS can Improve the1r V02 max by tra1n1ng 1n the same manner as 
non-asthmatic Indivlduals. For untrained non-asthmatics, max1mum 
oxygen uptake Is not normally limited by maximum ventilation but by 
the transport and uptake of oxygen by the cardio-vascular and muscular 
systems, respectively (Dempsey 19861. However, endurance running 
training Improves these factors which normally limit V02 max, by 
Increasing the oxidative capacity of the skeletal muscle and by 
Increasing the capacity of the cardio-vascular system. Therefore, In 
well trained athletes the maximum ventilation may become the rate 
. 
limiting step (Dempsey 19861. As previously documented,. In patients 
with a1rflow obstruction the maximum ventilation may also pose a 
limitation on VOa max. Thus the effect on the VOa max of the 
combination of airflow obstruction and a highly trained state, merits 
attention. 
Although no study has examined the V02 max of groups of well 
trained asthmatic runners, a study by Mahler et al (19811 examined the 
physiological responses of 9 runners with airflow obstruction 
<FEV 1 /FVC ratio 637.1, to examine whether poor lung function limits V02 
max. The V02 max of these runners was obtained and compared to the 
VOa max values of 9 marathon runners and 9 1nact1ve adults each group 
with normal lung function. The mean V02 max of the runners with airway 
obstruction was 51.1 ml.kg.-•mln-• (range 
higher although not significantly than 
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45.6 55.01, wh1ch was 
the V02 max of the control 
group (48.7 ml.kg.- 1 min-•). Marathon runners with normal lung function 
had a significantly h1gher V02 max (59.1 ml.kg.-1 min- 1 l than those 
runners w1th a1rflow obstruct1on. Thus runners w1th airflow 
obstruction only had moderate V02 max values, compared to runners with 
normal lung funct1on. 
In one study 1n wh1ch 39 top class athletes all affected by asthma 
were observed, the max1mum oxygen uptake of 15 of these asthmatics was 
58.4 t 10.7 ml.kg.- 1 mln-•, ind1cat1ng a 'fa1rly good' V02 max <Todaro 
et al 1984). However, of these 39 athletes only 5 were categorised as 
partic1pating 1n sports requir1ng predom1nantly 'aerob1c' energy 
metabol1sm. The extent of the bronchial obstruction <FEV 1 /FVC 7.) d1d 
not correlate s1gn1f1cantly w1th the V02 max or v. max. They 
concluded that bronch1al asthma does not preclude participation in 
compet1t1ve act1v1ty, even 1n sports requiring a high V02 max. 
However, the V02 max of asthmatics engaged 1n distance running, has 
not prev1ously been exam1ned. 
The follow1ng section will exam1ne the phys1ological factors 
determin1ng success 1n endurance running for non-asthmatlcs, so that 
the effect of the potential 1mpa1rment of V02 max 1n the asthmatic 1n 
endurance runn1ng can be evaluated. 
2.15 Phys1olog1cal Determ1nants of Endurance Runn1ng Performance. 
Many phys1ological factors have been ident1fied as hav1ng influence 
on success in distance running 1n non-asthmatic athletes, for example 
max1mum oxygen uptake, the abil1ty to sustain a high 7. Y02 max, blood 
lactate accumulat1on and runmng economy. 
2.15.1 Max1mum Oxygen Uptake. 
Success 1n d1stance runn1ng has often been attributed to having a 
high maximum oxygen uptake, because observations on internat1onally 
ranked endurance athletes have shown that they possess high vo2 max 
values (Saltin and Astrand 1967; W1lmore and Brown 1974>. 
The abil1ty to supply energy by aerobic mechanisms is a dominant 
factor in the ab1lity to susta1n a given running speed. Th1s is 
because a l1near relat1onsh1p exists between speed and oxygen uptake, 
and hence those 1ndiv1duals w1th high V02 max values will be able to 
sustain h1gher runn1ng speeds. Thus many studies were completed in 
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the 1960's and 1970's to exam1ne the relat1onsh1p between endurance 
runn1ng performance and vo2 max. 
Costill !19671, recogn1s1ng that researchers had merely 1dentified 
the anthropometric and phys1olog1cal character1stics of el1te d1stance 
runners and not related them to performance, util1sed a battery of 
sixteen test 1tems to see which correlated best w1th performance 
dur1ng a 4.7 mile cross country race. Maximum oxygen uptake correlated 
most strongly with race performance (r=0.82) 1 1nd1cating that 67Y. of 
the variat1on 1n performance could be accounted for by var1ations in 
vo2 max. 
In add1t1on, Foster, Cost1ll 1 Dan1els and Fink !1978) examined the 
relat1onsh1p between runn1ng performance over 1 to 6 m1les with V02 
max, muscle f1bre type and enzyme act1v1ties 1n well trained runners. 
Runn1ng performance was most strongly correlated w1th VDz max, with 
the relationsh1p increas1ng w1th the length on the race (r=0.88 at 6 
miles), S1m1lar correlat1ons are observed for longer distances such 
as the half-marathon (r=0.81l !Will1ams and Nute 1983) and the 
marathon (r=0.88) !Maughan and Le1per 1983). 
Despite the strong relat1onship between VDz max and endurance 
performance, 1t has been proposed that physiological measurements made 
during submaximal work may be better indicators of endurance exercise 
capac1ty !Farrell, Wilmore, Coyle, Billing and Cost1ll 1979). 
Invest1gat1ons of var1ous groups of athletes have found that the 
fract1onal use of V02 max, runn1ng economy and blood lactate 
accumulat1on can account for more of the var1at1on 1n performance 1n 
distance runn1ng than VDz max. 
2,15.2 Fract1onal use of V02 max. 
The ab1l1ty to susta1n a high percentage of VDz max is 1mportant 
for distance runn1ng performance. The fractional use of V02 max 1n a 
race can be der1ved from laboratory treadmill running tests. This 
~pproach 1s valid because there is a good correlation between the 
oxygen cost of treadm1li running and track running, over a w1de range 
of runn1ng speeds !McM1ken and Daniels 1976), 
Observations by Cost1ll 1 Branan, Eddy and Sparks !1971) on Derek 
Clayton, the former world record holder for the marathon, had a modest 
VDz max !69.7 ml.kg.-•m1n-•> compared to other world class marathon 
runners, 1nd1cating that VOz max alone does not d1ctate endurance 
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.running performance. It. ~as suggested that success 1n distance 
running is dependent on the economtcal uttltsatton of a well developed 
aerobic capacity, and by the ability to use a large 7.VOz max w1th 
mtnimal lactate accumulation. Indeed, Clayton ran the marathon at 867. 
VDz max with a low blood lactate accumulatton 12.4mMl. Dur1ng the 
half-marathon non-asthmatics can use an estimated 797. VOz max 
IWtlliams and Nute 1983; Farrell et al 19791 with a large range from 
697. to 927.. However, for these two studtes the fractional use of VOz 
max could not readily account for the differences 1n race 
performances, as reflected by a non stgntficant correlattons between 7. 
VOz max utilised and race pace. 
It has been suggest~d that the importance of the fractional use of 
VOz max varies with the length of the race. As running distance is 
extended, the ability to sustain a htgh percentage of VOz max becomes 
more important. For example, Davtes and Thompson 119791 observed that 
the relationship between running performance and VDz max decreased 
from 5km to 85km, as the relationship between 7.VOz max and run time 
tncreased. 
2.15.3 Blood Lactate Accumulation. 
Trained individuals have lower blood lactate concentrations during 
submax1mal exercise even at the same relat1ve work load IWilltams et 
al 19671, which wirl allow them to cover their energy needs more 
aerobically. Thus, Daniels, Varborough and Foster 11978) proposed 
that metabolic parameters measured during submaximal exercise may be a 
better indicator of endurance exercise capacity than the determination 
of maxtmal aerobic power, such that runners may set a race pace that 
is highly correlated to the accumulation of blood lactate. 
Indeed, over a wide range of distances, running speeds at which 
blood lactate concentrations increase above resting levels have been 
shown to correlate better with endurance performance than VOz max 
IFarrell et al 1979; SJodin and Schele 1982; Kumagai et al 1982; 
Ktndermann et al 19791. For example, over the half maratbon distance, 
Williams and Nute 119831 demonstrated a correlation of r=0.877 between 
race pace and the runn1ng speed at 4mM blood lactate IV4mM) indtcating 
that 777. of the variation in performace could be associated w1th the 
ability to run at high speed wtth low blood lactate concentrations, 
whereas only 667. of the vartation 1n performance could be explained by 
• 
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vo,. max. 
2.15.4 Runn1ng Economy. 
Whether d1fferences in runmng economy, dehned as the oxygen cost 
at a given submax1mal runn1ng speed, can account for var1ations 1n 
performances 1n d1stance runn1ng events, has been the sUbJect of many 
conflicting invest1gat1ons on non-asthmatics. In the light of the 
observations that asthmat1cs w1th severe pre-exerc1se obstruction may 
have a higher oxygen uptake at given submax1mal 
and Wh1pp 1975!, it 1s especially Important for 
th1s factor be discussed. 
activities !Wasserman 
the asthmatic that 
For non-asthmat1cs there is a linear relat1onsh1p between running 
speed and oxygen uptake, at submax1mal work loads. This is represented 
by a very h1gh correlat1on !approx1mately r=0.99l between speed and 
oxygen uptake for 1ndividual subJects. However, when data from-a group 
of subJects is pooled, a lower correlation is achieved as reported, 
for example, by Sjodin and Schele (1982! for experienced male athletes 
(r=0,87l. Therefore, there IS some inter-individual var1at1on among • 
non-asthmat1c groups of subjects for the oxygen cost of runn1ng. 
Indeed SJod1n and Schele (1982) reported a 15 ml.kg.-•min-• variation 
for a group of exper1enced male athletes runn1ng at 15 km.h-•, 
although W1ll1ams and Nute !1983) reported only a 5,5 ml.kg.-•min-• 
var1ation for a group of recreational runners at 14.45 k.hr-•. 
Running economy IS Important for distance runn1ng performance, 
• 
because two runners w1th the same V02 max but with mark~dly different 
runn1ng econom1es, would be runn1ng at different XV02 max at a given 
speed. Whether the d1fferences in running economy are "random" or 
related to running performance has been examined by various 
1nvest1gators, w1th confl1ct1ng results. 
Although considerable vanatlon 1n runmng economy ex1st.ed within a 
group of 16 well tra1ned d1stance runners, this factor could not 
differentiate the1r 10 mile performances !Cost1ll, Thomason and 
Roberts 1973). In add1t1on, for recreational runners differences in 
running ,economy could not account for the variation in performance' 
over the half marathon !W1ll1ams and Nute 1983), Thus, 1t was cla1med 
that differences 1n running economy are "random" and of little value 
in d1fferentiat1ng distance runn1ng ab1lity !Costill et al 1973!. 
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However, as Conley and Krahenbuhl !1980) suggest, differences in 
performance 1n endurance athletes With Similar V02 max values may best 
be explained by differences in running economy. In a more 
heterogeneous group of 18 male athletes, Farrell et al (1979) examined 
the relationship of runn1ng economy to performance over a w1de range 
of distances from 3.2km to the marathon. Runn1ng economy was 
significantly <p<0.05l related to race performance over all distances, 
although the treadmill velocity at the onset of plasma lactate (QPLAl 
accounted for the most variation 1n performance. 
Therefore, 1n non-asthmatics a number of physiological factors can 
be Identified as hav1ng Influence on endurance runn1ng performance. 
It Will be of Interest to exam1ne whether these relationships hold 
true for the asthmatic engaged 1n endurance runn1ng. Numerous studies 
of non-asthmatic athletes have measured the physiological responses to 
prolonged exerc1se, wh1ch w1ll be reviewed in the next section. 
2.16 The Phys1olog1cal Responses of Non-AsthmatiCS to Prolonged 
Exerc1se. 
Although the physiological responses to short term exercise are 
well documented for asthmatics, the responses to prolonged exercise 
such as endurance runn1ng have not been evaluated. Thus, the 
literature documenting the respiratory, cardio-vascular and metabolic 
responses to prolonged exerc1se 1n non-asthmatic athletes, are 
reviewed 1n th1s section. 
2.16.1 Respiratory Responses to Prolonged Exerc1se. 
Potentially, asthma poses limitations on the resp1ratory system. It 
IS therefore particulary relevant to examine the possible additional 
load that prolonged running may place on the resp1ratory system of the 
asthmatic. Thus, the effect of prolonged exercise on the pulmonary 
function and ventilation rate 1n the non-asthmatic, Will be evaluated. 
(a) Pulmonary function. 
Although there are numerous stud1es documenting the physiological 
demands of long d1stance runn1ng 1n non-asthmatlcs, few have observed 
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the d1rect effect on the resp1ratory system. 
When measurements of the pulmonary function have been made, marked 
changes have been obtained after endurance races. Over SO years ago 
Gordon, Levine and W1lmaers (1924) observed a 17X reduction 1n the 
v1tal capac1ty <VC> in 20 runners after the Boston marathon, and Hug 
(1928) reported s1milar falls (16-1BX> after the 1927 and 1928 Sw1ss 
marathons (cited in Mahler et al 1980>. Insp1te of these large 
changes 1n pulmonary function after endurance runn1ng, it was not 
unt1l the 1970's that 1nterest 1n the area was resumed, which was 
encouraged by the use of more sensitive pulmonary funct1on tests. 
In an attempt to examine the signtficance of the fall in VC 
observed by the early workers, and to observe whether present day 
marathon runners show s1milar responses, Maron et al !1979) exam1ned 
the pulmonary funct1on of 13 long d1stance runners competing 1n the 
1977 W1sconsin Marathon. An 8.6X <p<0.001) reduction 1n the post-race 
VC was reported, wh1ch was accompanied by an equivalent increase 1n 
residual volume <RV>. Post-race FEV, and PEFR were not s1gn1ficantly 
d1fferent compared to pre-race values. However, the FEVt-2 sec was 
reduced by 19.7X !p<0.01l, 1ndicating that after the race, the 
exp1ratory flow was unaffected at h1gh lung volumes, but was decreased 
at low lung volumes 1.e. approximately after BOX of the VC was 
expelled. Thus 1t was concluded that the results were compatible w1th 
small a1rway closure occur1ng at an increased lung volume, which would 
result 1n a decreased VC and an 1ncreased RV, and was not due to 
muscular or neuro-muscular fatigue as suggested by earlier workers 
<Maron et al 1979>. 
In a shorter road race !20kml, Mahler, Snyder and Lake !1980) 
observed a much smaller but s1gn1ficant decrease 1n the post race FVC 
of 4.2X 1 with the "faster runners" hav1ng a sigmficantly greater 
decrement than the "slower runners" (7.7X vs 2.9X 1 p<O.OSl. Howver, 
there were no changes in the mean post race flow rates as measured by 
FEV,, FEV,/FVC ratio, PEFR and the max1mum exp1ratory flow rate at SOX 
FVC <MEF50l. They concluded that as a1rway obstruct1on did not 
develop 1n these runners, the reduction in FVC may reflect fatigue in 
the resptratory muscles as a result of glycogen depletion. They 
offered an explanat1on for the smaller reduction 1n FVC observed after 
20km than those reported for the marathon, because of the lesser 
glycogen utilisat1on due to the shorter dtstance. Furthermore, they 
postulated that the greater decrement 1n the FVC of the "faster 
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runners" could be explained by the1r higher 1ntensity of running, 
leading to a relatively greater depletion of glycogen, compared to the 
"slower runners". Th1s flnd1ng IS 1n contrast to that of Maron et al 
(1979) who found no correlation between the decrement 1n the FVC and 
performance t1mes. 
To examine the effect of extreme endurance running on lung 
function, Mor1tz, Mahler, Pantalena, Mahler and Loke (1980) observed 
the FEV., FVC, PEFR and flow at 507. of FVC in 15 athletes before and 
after ultramarathon races l80.6km to 100kml. Each parameter was 
sign1f1cantly decreased after the race, with repeat testing two and a 
half hours later still show1ng significant falls in FVC, PEFR and 
MEF50. They concluded that s1nce FVC and airflow are dependent on the 
driving force of the thoracic musculature, post-race changes may 
reflect fatigue of the respiratory muscles. 
Therefore small airway closure !Maron et al 1979> and respiratory 
muscle fatigue (Mahler et al 19801 Moritz et al 1980) have been 
suggested as possible mechanisms accounting for the fall in FVC with 
prolonged exercise 1n non-asthmatics. 
The severity of the decrement has also been shown to be related to 
the ambient temperature! Mahler and Loke (1981) exam1ned the effect 
on the pulmonary funct1on of two marathon races completed in widely 
differ1ng ambient temperatures, 1n: 
(a) 46 runners who completed a marathon 1n temperatures ranging 
between -2°C and -4°C and a humidity of 697., and 
(b) 41 runners who completed a marathon 1n temperatures between 6°C 
and 8~C, and a hum1d1ty of 887.. 
The participants 1n the study d1d not report any respiratory symptoms. 
There were s1gniflcant decreases in the post-race FVC 'of 3.97. and 5.97. 
for the runners 1n the subfreezing and warmer marathons respectively, 
whereas the FEV. d1d not change for either marathon. However, 'the PEFR 
and the flow at 507. of FVC were s1gn1f1cantly decreased in the group 
participating at sub-freezing temperatures, but unchanged when the 
ambient temperature was above freezing. Thus, they concluded that 
healthy persons may develop bronchoconstr1ction during endurance 
running 1n subfreezing temperatures. 
No Intra-race measurements have been made during distance running, 
and as Maron et al (1979> commented, 1t 1s not clear if observations 
made after endurance races truly reflect events occurr1ng dur1ng the 
race or whether they are str1ctly post-race phenomenon. Thus 1t would 
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be beneficial to make measurements both dur1ng and after endurance 
runn1ng to attempt to evaluate the significance of post-exercise 
measurements. 
Therefore, endurance runn1ng may cause deterioration in the 
pulmonary funct1on of non-asthmatics, which may be further enhanced 
when exerc1s1ng 1n sub-freezing conditions. Inspite of this 
observation, the pulmonary response to prolonged running has not been 
examined for athletes With asthma. This 1s supris1ng s1nce the 
asthmatiC athlete may start exerc1se w1th impaired pulmonary function, 
and have the added r1sk of EIA especially in cold conditions <Strauss 
et al 1977). Thus an examination of the effect on the pulmonary 
funct1on in asthmatic athletes performing prolonged running· merits 
attentlon. 
(b) Venhlation. 
It 1s particularly Important to evaluate the response of the 
vent1lat1on rate of the non-asthmatic to prolonged exercise, for two 
reasons: Firstly, the a1rway obstruction in asthma may be limiting the 
ventilation rate, and secondly, the 'trigger' for exercise-induced 
asthma is related to the m1nute ventilation. Thus, in order to 
evaluate the potential phys1olog1cal load placed on the asthmatic 
engag1ng 1n endurance running, 1t is appropriate to examine the 
changes 1n the minute vent1lat1on w1th prolonged runn1ng that have 
been documented for the non-asthmatic, 
Although vent1lat1on responds directly to the metaool1c demands in 
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short term graded work <Dempsey et al 19771, there is mUch d1scuss1on 
as to how the vent1lat1on responds during prolonged exerc1se, The 
maJority of Investigators have observed a steady upward dr1ft of 
ventilation termed the "ventilatory dnft" for which vanous 
mechanisms have been postulated, whereas others have observed no 
change 1n the vent1lat1on rate w1th prolonged exercise. 
Var1ous studies of constant paced exercise have shown ventilatory 
drift. For example, Martin et al (1981) examined 10 subjects cycl1ng 
at 66Y. VOz max at a constant rate for 1 hour, and showed a 13Y. 
Increase in minute ventilation (p<0.05l from the first <12 minutes) to 
the last (61 minutes) observation. This Increase 1n vent1lat1on rate 
was brought about by an Increased breathing frequency (p<0.05l with an 
unchanged tidal volume. S1m1larly, Hanson et al <19821 exam1ned the 
physiological responses of 15 well tra1ned runners to 60-70 m1nutes of 
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treadmill runn1ng at 70-757. V02 max. Minute ventilation increased with 
t1me, which could be attributed to a 267. increase in breathing 
frequency. T1dal volume decreased by 107.. Th1s altered respiratory 
pattern towards rapid shallow breathing as exercise is prolonged, 
leads to more 'wasteful breathing' requiring an 1ncreased total m1nute 
ventilation <Martin et al 1979). 
However, on the contrary, Swaka, Knowlton and Cr1tz (1980) observed 
7 endurance tra1ned males dur1ng two 80 minute runs at 707. V02 max, 90 
minutes apart and found the ventilation rate to be constant throughout 
each run. Similarly, 7 well trained female athletes showed no 
s1gn1f1cant change 1n the minute ventilation dur1ng 80 minutes of 
treadm1ll running at 657. VOa max (Gass et al 1983). These ~indings 
g1ve support to the observation that trained endurance athletes show 
less of a rise of ventilation dur1ng long term exerc1se than untrained 
individuals <Claremont et al 1977>, or may be the exercise was not of 
sufficient durat1on to show ventllatory drift in these well trained 
athletes, 
Var1ous mechan1sms have been proposed attempting to explain the 
phenomenon of 'vent1latory drift'. Interestingly, there is a parallel 
r1se 1n ~ore temperature w1th the rise 1n ventilation. In an attempt 
to exam1ne this possible ~ausal relationship between vent1lat1on and 
temperature, MacDougall, Reddan, Layton and Dempsey (1974) observed 
the physiological responses to treadmill running at 707. V02 max until 
exhaustion 1n the following three environmental ~onditions. (1) 
normal, (2) hypertherml~, and (3) hypotherml~. Signif1~antly prolonged 
and s'igmfi~antly redu~ed run times, when ~ompared to, the ~ontrol, 
were observed 1n the hypothermal and hyperthermal ~onditions, 
respe~tively. M1nute ventilation in~reased With time'under each test 
condition, with s1gnif1~antly highest Va values 1n the hyperthermal 
~ond1t1on and lowest in the hypothermal ~ond1tion. Thus it seemed 
likely that an 1ncrease 1n ~ore temperature dire~tly leads to an 
increase In the vent1lat1on dur1ng prolonged exercise. However, 
pass1ve heat1ng of the core temperature does not 1nduce an increase In 
ventilation <Martin et al 1981>, thus cast1ng doubt on the causal 
link between ventilation and core temperature. 
Thus, Martin et al <1981> ~orrelated the 137. 1n~rease 1n 
ventilation observed dur1ng one hour cycling, with other potent1al or 
possible med1ators. He observed that a slow vent1latory r1se occured 
1n the face of the unchanged arterialised venous blood pH, PCOz, 
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lactate and VC02. However, various mechanisms were postulated as 
be1ng responsible for the rise 1n ventilation: 
F1rstly, the oxygen uptake rose steadily by 8.87. from 12 to 61 
minutes !p(0.05l, and showed a high correlation with the r1se 1n 
vent1lat1on over t1me Cr=0.95:p<0.01l !Martin et al 1981). Therefore 
the r1se 1n vent1lat1on could be attr1buted to the 1ncreased metabolic 
demands of the muscle. To add support to this theory, the study by 
Gass et al !1983) which showed no sign1ficant change 1n minute 
ventilation, also showed no sign1f1cant change in the oxygen uptake. 
Hence, 1f the relat1onsh1p between the Increase in minute ventilation 
and oxygen uptake 1s causal, then the absence of a ventilatory drift 
may be attr1buted to the unchanged oxygen uptake. On the c~ntrary, 
th1s increased oxygen demand as a st1mulus for the increased Va is not 
supported by the work of Hanson et al !1982) who observed that an 
Increase VE occured with time, even 1n some cases as the oxygen uptake 
decreased. 
Secondly, Mart1n et al !1981) observed that the percentage 1ncrease 
1n noradrenaline of 877. from 12 to 61 m1nutes, with a range from 37 to 
1917., was closely correlated with the Individual percentage rise of 
the vent1lat1on over the hour of exercise (r=0.94:p<O.Oll. Although 
1t 1s appreciated that th1G high correlation offers no proof that a 
cause and effect relationship ex1sts between them, there is evidence 
that noradrenaline st1mulates vent1lat1on- !He1stad et al 1972) and 
that the levels reached 1n heavy long term exercise may provide the' 
vent1latory st1mulus responsible for the ventilatory dr1ft. 
Therefore 'vent1latory dr1ft' w•th prolonged exer.cise has been 
demonstrated by a number of investigators, although the consequences 
of thiS are not clear. In non-asthmatics, Hanso~ et al (1982) has 
viewed the net effects of hypervent1lat1on in trained runners to be 
advantageous, s1nce the benef1ts to pulmonar~ gas exchange and H+ ion 
regulation outwe1gh the expense of some inefficiency in venhlatory 
work and departure from steady state. In addition, they comment that 
1t is unlikely that the hyperventilation Wlll lead to respiratory 
muscle fahgue. On the contrary, s1nce the level of breath1ng 1s 
Important 1n determining the perce1ved rate of exertion CPREl !Noble 
et al 1973>, it •s argued that ventilatory drift may lead to a 
decreased exerc1se tolerance !Martin 1981). 
Therefore, 1n non-asthmatics prolonged runn1ng may result in 
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'ventilatory drift', the degree of which may vary due to training 
status. The mechanisms and the consequences of this phenomenon are 
not clearly understood, An Increased ventilation for the asthmatic 
may lead to a greater stimulus for EIA or may be difficult due to 
airway obstruction. 'Ventilatory drift' has not been evaluated for 
the asthmatic engaging In prolonged exercise, and thus merits careful 
attention. 
2,16.2 Cardio-Vascular Responses to Prolonged Exercise, 
To further outline the potential physiological load on the asthmatic 
performing prolonged endurance exercise, the response of the 
heart-rate and oxygen uptake of the studies on non-asthmatics to 
prolonged exercise Will now be evaluated. 
(a) Heart Rate. 
Exercise results in the production of heat, which IS dissipated by 
thermoregulatory processes, predominantly through the mechanism of 
sweating. Thus an athlete engaged in an endurance activity will lose 
body flUids which Will eventually lead to a fall in plasma volume. 
This fall In plasma volume leads to a reduction in the venous return, 
stroke volume and card1ac output, and this, combined With the shunt1ng 
of blood to the peripheral cutaneous vessels for thermoregulation 
<Rowell 1974), leads to a compensatory rise in heart-rate. This rise 
In heart rate or "cardiovascular drift", IS commonly seen during 
prolohged exerc1se. 
The majority of Investigations have shown a significant rise in 
heart rate during prolonged exercise at a given work rate. Martin et 
al !1981) observing one hour of cycle ergometry at 66Y. V02 max, showed 
a 23 beat rise In heart rate (p(0,05), An identical Increase 1n heart 
rate was observed by Saltin and Stenberg (1964), but this was In 
response to 3 hours of cycle ergometry at 75Y. V02 max. This increase 
in heart rate was more marked than the 107. Increase in cardiac output 
because the stroke volume fell from 126 to 114 ml.beat-•. Thus the 
increase In heart rate can be attributed to a fall in stroke volume, 
which IS In turn affected by a fall in plasma volume. 
These changes In heart rate seem 1ndependent of training status, 
for example Swaka et al !1979) observing 7 well tra1ned runners found 
increases 1n rectal temperature and heart rate and decreases In stroke 
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volume and card1ac output dur1ng the course of an 80 m1nute treadmill 
run at 70% of V02 max. However, well trained female runners stud1ed by 
Gass et al !1983! d1d not show a s1gn1f1cant r1se in heart-rate 
dur1ng 80 minutes of treadmill runn1ng and even had a 1% Increase in 
plasma volume, to explain their lack of "cardio-vascular drift". 
(b) Oxygen Uptake. 
Oxygen uptake dur1ng short term work is a function of the exercise 
1ntens1ty. However, dur1ng prolonged exercise at the same work rate, 
many investigators have found the oxygen demands of the activity to 
Increase, whereas other investigators have reported no change. Th1s 
apparent discrepancy 1n the f1nd1ngs may be accounted for by the 
differences in the duration and intens1ty of the exercise of each 
study, or partly due to the differences in training status of the 
groups studied, as discussed below: 
It has been suggested that a 5% to 10% Increase in the oxygen 
reqUired for a g1ven work rate occurs when exercise IS prolonged 
<Hartley-1977>, and th1s seems to be Independent of the work load or 
type of exercise employed. Experimental evidence from numerous 
1nveshgators SLipport th1s f1nd1ng <Saltin and Stenberg 1964; Martln 
et al 1981; MacDougall et al 1974!. 
A number of possible mechanisms have been proposed to account for 
this Increase In V02 and SO apparent decrease in the mechanical 
efficiency, dur1ng prolonged exercise. Firstly, Hartley <1977> 
proposed that the Increasing contribution of fat to supply the energy 
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demands as exercise IS prolonged, will lead to a greater demand of 
oxygen to supply the energy required. Secondly, an increased energy 
demand for peripheral circulation and sweat gland activity for 
thermoregulatory control, may lead to a greater oxygen uptake 
<MacDougall et al 1974). Thirdly, a loss of mechanical coordination 
with fat1gue may lead to the recru1tment of 'less efficient• muscle 
f1bres <Rowell 1969). Fourthly, increased energy demands of the 
respiratory muscles may Increase the oxygen uptake. 
On the contrary, the studies w1th trained athletes of Swaka et al 
!1979! and Gass et al (1983) showed no change in the oxygen uptake. 
The 1nvest1gators cla1med that the unchanged oxygen demands IS a 
result of the balance between Increases in runn1ng efficiency and 
fatty ac1d OXIdation. Therefore, these studies 1nd1cate that well 
trained athletes seem to be able to hold the oxygen demands 1n "steady 
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state" during prolonged exercise, or alternatively the duration of the 
exerc1se was not suffiCiently long enough to show sign1f1cant rises in 
the oxygen uptake with well trained 1nd1viduals. 
During compet1tive races in the f1eld, very little Information on 
oxygen uptake has been obta1ned, with the exception of a study by 
Maron, Horvath, W1lkerson and Gliner 11976) of two experienced 
athletes dur1ng a marathon. Expired a1r was collected at three m1le 
Intervals, and on analysis it was found that the oxygen uptake 
actually decreased w1th time wh1le runn1ng at similar rates and 
covering sim1lar terrain dur1ng the latter part of the race. 
The majority of 1nvest1gations have shown Increases 1n heart-rate 
and oxygen uptake with prolonged constant-paced running, although the 
mechanisms accounting for these changes are unclear. An examination of 
these cardio-vascular responses to proloned running in tra1ned 
asthmatics has not been evaluated and thus mer1ts attention. 
2,16.3 Metabolic Responses to Prolonged Exercise. 
Although there IS much 1nformat1on and some consensus of op1n1on on 
the metaboliC responses dur1ng prolonged exerc1se 1n non-asthmatic 
subjects, there IS no such 1nformat1on on asthmatic Individuals. 
Therefore, the metabolic responses to prolonged runn1ng of the 
non-asthmatic athlete w1ll be discussed, which will aid a future 
comparison w1th the response of the asthmat1c athlete. 
lal Respiratory Exchange Ratio [Rl. 
The body obtains its energy from two substratesi namely fat and 
carbohydrate, With the preferred fuel for exerc1se of a moderate 
1ntens1ty be1ng carbohydrate. This is because fat cannot supply the 
body w1th energy at as fast a rate as carbohydrate, and thus 1n all 
but the lowest intensity exerc1se, carbohydrate is the preferred fuel. 
Carbohydrate for muscle metabolism, is stored as muscle and l1ver 
glycogen. 
Research has shown that as exerc1se is prolonged a metabol1c sh1ft 
towards fat metabolism occurs. Early work by Costill 11970al observed 
the responses of two experienced distance runners performing two hours 
of treadm1ll runn1ng from 55Y. to 67Y. of V02 max. The R value decreased 
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from 0.88 at 10 minutes, to 0.80 at 120 minutes, 1ndicat1ng a 
metabol1c· sh1ft from 61/. to 33/. carbohydrate. This was further shown 
in female athletes by Bass et al (1983). As the glycogen stores 
become reduced, the body 1s forced to utilise fat as the substrate for 
energy product1on, eventually lead1ng to the inabil1ty to provide 
energy at an adequate rate lead1ng to fat1gue. 
of the cessation of exercise in constant 
alternat1vely will expla1n the reduction in 
condit1ons. 
<bl Blood Lactate. 
Th1s will be the cause 
work conditions, or 
work rate 1n race 
The accumulation of blood lactic ac1d during muscular activ1ty is 
cons1dered as an 1nd1cator of the degree of anaerob1c metabol1sm and 
has become assoc1ated w1th 'exhaustion' 1n athlet1c activities. 
However, this popular association is unfounded for endurance events 
because stud1es have shown low blood lactate levels at the po1nt of 
exhaustion 1n prolonged exerc1se. 
The accumulat1on of blood lactate depends on the intensity of the 
act1vity, and the state of train1ng. Indeed, field and laboratory 
assessment by Cost1ll <1970al on well tra1ned d1stance runners during 
a series of races of var1ous lengths, has revealed an 1nverse 
curv1l1near relationsh1p between the length of the competit1ve race 
and blood lactate concentrat1ons. Therefore, blood lactate 
concentrations decrease as the length of the activ1ty 1ncreases. At 
all distances the post-exercise lactate was found to be related to the 
' /.VOz max ut1l1sed, Wh1ch agrees w1th many other 1nvestigations 
<Astrand, Hallback, Hedman and Salt1n 1963; Saltin and Stenberg 1964; 
Bohil et al 1982; Bass et al 1983), It was concluded that for trained 
runners when the oxygen requirements 
little or no lactate accumulated. Thus 
were less than 707. V02 max, 
1t 1s unl1kely that blood 
lactate w1ll play a maJor role 1n fatigue in long distance runn1ng. 
In addit1on to elevat1ng V02 max, tra1n1ng for competitive d1stance 
runn1ng appears to perm1t a greater fract1on of that capac1ty to be 
ut1lised w1thout the accumulat1on of blood lactate. Indeed recent 
ev1dence has suggested that well tra1ned elite runners may be able to 
race at h1gher blood lactate concentrat1ons than less well tra1ned 
runners !Will1ams et al 1984). 
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(c) Blood Glucose. 
Blood glucose 1s used as an energy source to supplement the 
glycogen stores of the working muscles 1n exercise. Indeed, the 
contribution of blood glucose to the energy demands during prolonged 
runn1ng has been estimated as being just over 127. by Hall, Braaten, 
Bolton, Vran1c and Thoden (1983). Goldste1n (1961) has claimed that 
the Increase 1n the muscle ~ptake of glucose 1s promoted by some 
activator of the glucose transport system, a humoral factor not 
conf1ned to the muscle, th1s act1vator in turn 1s stimulated by 
muscular contract1on. 
Due to the util1sat1on in exercise, blood glucose would be rap1dly 
depleted unless continuously renewed by the liver. The regulation of 
blood glucose 1s necessary because blood glucose is the ma1n fuel for 
the bra1n and CNS and thus if it were not regulated then there would 
be an 1mpairment of the function of these v1tal organs (Wahren et al 
1971). It has been estimated that dur1ng submax1mal exerc1se 1 757. of 
the glucose product1on comes from glycogenolysis, w1th 257. from 
gluconeogenesis (the convers1on of lactate and pyruvate 1nto glucose) 
(Wahren 1977>. As the duration of the exerc1se increases and the liver 
glycogen concentrat1on decreases, the contribut1on to glucose 
production from gluconeogenesiS may 1ncrease to 457. of the total. 
The response of the blood glucose during prolonged exerc1se 1s well 
researched. Blood glucose concentrat1ons rise at the start of 
exercise, wh1ch IS probably caused by an elevated rate of hepatic 
glycogenolysis due to exercise-lnduced increases 1n catecholamine 
concentrations (Hall et al 1983). As exerc1se IS prolonged the blood 
glucose may fall due to a mismatch between the rate of production of 
glucose from the l1ver and uptake by the muscles. Sanders (1964) has 
postulated two possible reasons to account for the fall in blood 
glucose. F1rstly 1 a drop in the hepatic glucose output, wh1ch ga1ned 
support from Ahlborg, Fel1g 1 Hagenfeldt, Hendler and Wahren (1974). 
Secondly, an 1ncrease in the ut1l1sation of glucose 
Th1s was supported by Lavo1e et al (1982) 1 who 
in the muscle. 
stated that 
hypoglycaemia during prolonged exercise 1s most likely caused by an 
increased glucose uptake by the muscles as muscle glycogen becomes 
depleted. 
Hypoglycaemia has been def1ned by Felig et al (1982) as a blood 
glucose concentration of less than 2.5mM. Stud1es of blood glucose 
concentrations have revealed,- equ:v~cal : ___ · find1ngs as to whether 
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hypoglycaemia 1s 1nev1table at the end of prolonged exercise, A 
further area of controversy ex1sts as to whether the cessation of 
exerc1se 1s a necessary consequence of hypoglycaem1a. 
The early work of Chr1stensen and Hansen <19391 observed the 
cessat1on of cycling at 67% VOz max occured when blood glucose fell. 
Thus a low blood glucose or hypoglycaem1a has been associated with 
fat1gue in long distance running. However, recent studies have 
quest1oned whether exhaust1on 1s necessar1ly associated with low blood 
sugar. Fel1g et al (1982) observed that of the 19 males cycl1ng to 
exhaust1on at 60-65% VOz max, 10 exper1enced hypoglycaemia. However, 
when the blood glucose concentrat1on of these 10 males fell below 
2.5mM, they were st1ll able to cycle for a further 15 to 70 minutes. 
Although cycl1ng to exhaustion seems to cause hypoglycaemia 1n a 
s1gn1ficant number of subJects, runn1ng to exhaust1on on a treadm1ll 
has not had the same effect. Hall et al (19831 had seven subjects 
attempt to run a marathon on a treadmill, and even at the point of 
exhaust1on (21 to 24 miles) no hypoglycaemia was present. S1milarly 1 
Cost1ll (1970a) observed no hypoglycaem1a in two well tra1ned athletes 
during an exhaust1ve two hour treadmill run. Thus, these studies 
suggest that hypoglycaem1a 1s not necessarily linked with exhaust1on, 
nor 1s the cessat1on of exerc1se a necessary consequence when 
hypoglycaemta 1s evident. As Costill (19841 has succinctly stated, 
blood glucose 1s only one source of carbohydrate for muscle metabolism 
dur1ng exerc1se. Thus hypoglycaem1a and exhaust1on only co1nc1de when 
the endogenous carbohydrate supplies are also depleted. 
(d) Free Fatty Ac1ds <FFAI. 
The concentrat1on of free fatty acids <FFAI governs the rate of 
diffus1on into the muscle <Newsholme 19821, and thus the FFA 
concentrat1on 1n the blood w1ll 1nfluence the rate of FFA ut1lisation. 
Thus, the rate of uptake and oxidat1on of FFA by the working muscles 
is proportional to the1r plasma concentrat1ons (Armstrong 1 Steele, 
Altszuler, Dun, B1shar and De Boos 19611. If FFA are to supply the 
energy demands of the muscle during submax1mal exerc1se1 a h1gh rate 
of diffus1on of FFA w111 be necessary. However, rarely do the FFA 
concentrat1ons reach very high levels and thus the energy demands come 
from a combination of carbohydrate and fat, the relat1ve proport1ons 
of which are determ1ned by the concentrat1on of the FFA. 
Indeed, artif1c1ally 1ncreas1ng the concentrat1on of FFA 1n rats has 
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been shown to 1mprove endurance and lead to higher blood glucose and 
muscle glycogen concentrations at the end of exercise, compared to the 
control rats <Hickson et al 1977). Thus, ra1s1ng the FFA 1nhib1ts 
glycolys1s wh1ch in turn delays the onset of fat1gue by a carbohydrate 
spanng effect. 
Dur1ng exerc1se the FFA concentrat1ons are dependent on the 
1ntens1ty and durat1on of the 
exerc1se 1ntensity of 70-80% of 
1ncreases proport1onately with 
exerc1se. For example, up to an 
V02 max, plasma FFA concentration 
the exerc1se intensity, whereas a 
negat1ve correlation 1s found between the rise 1n FFA and blood 
lactate <Pruett 1970>. 
Therefore the quest1on wh1ch rema1ns to be answered 1s whether 
these resp1ratory, cardio-vascular and 
prolonged exerc1se are s1m1lar 1n 
non-asthmat1cs • 
• 
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CHAPTER 3 
GENERAL METHODS 
3.1 SubJects. 
3.1.1 Untra1ned Asthmat1cs. 
The 'untra1ned' asthmatic subJects 1nvestigated in these studies 
were volunteers from the student populat1on of Loughborough Un1vers1ty 
and from the general publ1c in the Leicestersh1re area. The general 
publ1c were adv1sed about the project 1n local newspapers and on local 
rad1o. The general pract1tioner of each asthmatic was g1ven details 
of the 1nvestigat1ons to be undertaken. These 'untra1ned' asthmat1cs 
were not engaged 1n endurance running training, although a number were 
involved in other recreat1onal act1vlt1es. 
3.1.2 Trained Asthmat1cs. 
The tra1ned asthmat1c individuals investigated 1n these stud1es 
were all seriously engaged 1n endurance runn1ng tra1n1ng and competed 
regularly 1n endurance running events. They were recru1ted from an 
advertlsement placed 1n the running magaz1ne "Athlet1cs Weekly", wh1ch 
1s ava1lable nat1onw1de, S1xteen asthmatic athletes from England, 
Scotland and Wales v1s1ted the laboratory for physiological and 
asthmat1c assessment. 
3.1.3 Untrained Non-Asthmatics. 
Untra1ned non-asthmat1c ind1viduals were recru1ted from the 
students and staff at Loughborough University. None of these were 
actl vel y engaged in endurance runmng tra1ning, although many took 
part in other sport1ng act1vit1es. 
3.1.4 Tra1ned Non-Asthmatlcs. 
Trained non-asthmatlc athletes were volunteers from the students 
and staff of Loughborough Un1versity and from a local athletics club. 
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3.2 Design, Construct1on and Calibrat1on of Eguipment. 
3.2.1 Phys1cal Characterist1cs of Subjects. 
<al He1ght. 
A Harpenden stad1ometer was used to obta1n the height of each 
subJect who were measured in bare feet. 
(bl We1ght. 
We1ght was obta1ned using a set of balance scales <Avery Ltd., 
model 3306ABVI w1th a capac1ty of 120kg and accurate to the nearest 
50gm. They had been factory calibrated and rechecked regularly. 
Subjects were we1ghed wearing shorts (males) and shorts and shirt 
(females). 
<c> 7. Body Fat. 
In accordance w1th the methods and calculations of Durn1n and 
Wormesley 119741 the percent body fat was obta1ned. Th1s 1nvolved 
tak1ng sk1n fold measurements at four sites on the right hand side of 
the body lb1ceps, triceps, subscapular and supraill1acl with sk1nfold 
cal1pers <Harpenden). 
3.2.2 Assessment of Lung Function. 
(a) Dry Sp1rometer. 
A dry sp1rometer IV1talograph Ltd.) was used to obta1n the forced 
exp1~atory volume 1n 1 second <FEV 11 and the forced v1tal capacity 
<FVCI, 1n l1tres IBTPSI. Each subject performed the manoeuvre until 
consistent readings were obtained (i.e. two readings for FEV. w1thin 
100 mll. FEV1 was expressed as a percentage of the FVC <FEV.Y.I. 
Pred1cted normal values for FEV1 and FVC were obta1ned from the 
pred1ct1on nomograms 1n the V1talograph manual based on the work of 
Kamburoff and Woitowitz (19721. The predicted values are based on the 
sex, age and he1ght of each subject. 
(b) Peak Flow Meter. 
A M•m-Wright peak flow meter <Clement Clarke International Ltd. I, 
as developed by Wr1ght and McKerrow 119591, was used to obtain the 
peak exp1ratory flow rate <PEFRI measured in l.min-•. The best of 
three tr1als was recorded as the subJects PEFR. 
Predicted normal values, based on age and height, were obtained 
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from the nomogram of Gregg and Nunn 11973). 
(c) D1ary Cards. 
Diary cards on wh1ch to record tw1ce daily PEFR values and asthma 
symptom scores were completed by a number of asthmatics in these 
experiments. The dtary card 1s shown in Appendix 1. 
3.2.3 Equipment for Exerc1se Testing. 
(a) Treadmi 11 • 
Motor driven treadm11ls IOutnton and Woodway) 1 wh1ch were 
caltbrated by the manufacturers and checked regularly, were used for 
all running tests. They had a range of speeds from 0 to 7 m.s-• and 
elevation range from 0 to 407.. In accordance with the test procedure, 
the speed of the treadmill could be altered by a hand hel~l sw1tch 1 
e1ther by the 1nvest1gator or by the subject runn1ng on the treadmill. 
The treadm1lls were linked to a micro-computer !Pet Commodore) for 
wh1ch a programme had been written so that the time, speed and 
distance covered could be continuously displayed on the screen, with 
the added facility that a pr1nt out of the results could be obtained 
at 30 second Intervals. 
lb) Heart Rate. 
After careful preparation of the skin lclean1ng ustng a Mediswab 
and mild abras1onl 1 four electrodes !Red Dot, 3M products Ltd) were 
appl1ed to the chest in the following posit1ons: 
i. top of the sternum, 
\i. r1ght s1de of the thorax, approx1mately over the 5th rib, 
iii. left s1de of the thorax, approximately over the 5th rib, 
IV. clavicle reg1on (earth electrode). 
Leads from a heart rate mon1tor IRigel Cardiac Memory Monitor, model 
302) were attached to the electrodes. Heart rate (b.min-•) and an ECG 
profile on an oscilloscope were continuously displayed. The heart 
rate mon1tor was l1nked into the micro-computer !Pet Commodore), so 
that heart rate was recorded at 30 second Intervals throughout the 
tests. 
(c) SubJective Ratings. 
The Borg 11973) rating scale of perceived exertion, comprising a 15 
point scale from 6 to 20 on a cont1nuum of very very l1ght to very 
very hard was used to obta1n subject1ve ratings of the exercise 
intensity from each subject dur1ng exercise. 
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(d) Expired Air Collection Equipment. 
A hght we1ght (65gml, low res1stance (3 cm H2 0 at 300 l.mln-•>!one 
way respiratory valve w1th a small dead space (80ml) des1gned in this 
laboratory and based on the spec1ficat1ons of Jakeman and Davies 
(1979) was used. A broad flanged rubber mouthpiece was attached to 
this valve. Low res1stance, w1de bore (30mml flexible tubing 
<Falcon1a; Baxter, Woodhouse and Taylorl approximately 1m to 1.5m in 
length, connected the valve to a two-way tap (Harvard Equipment), 
wh1ch was used to open or close a 150 litre capacity Douglas bag 
(Harvard Equ1pmentl. A nose clip was used by the subject during all 
exp1red a1r collections. 
(e)Breathlng Frequency (Bfl. 
A small temperature probe was inserted and sealed into thee one way 
respiratory valve, and th1s was linked to a chart recorder via an 
amplifier. The increase 1n temperature of the exp1red air on 
exhalat1on IS thus ampl1f1ed and recorded, thus record1ng each breath. 
The paper on the chart recorder was set at a known speed so that 
breathing frequency (Bfl in breaths per minute, could then be 
calculated. Tidal volume (Vtl can then be computed in the following 
way: 
Vt (ll = ------------
Bf 
(f) Environmental Conditions • 
• A barometer was used to obta1n the barometric pressure at the time 
of the gas analys1s. A whirling hygrometer (Brannan Thermometers) was 
used to obta1n the temperature and hum1d1ty of the laboratory 
environment. 
3.2.4 Blood Sampl1ng Equ1pment. 
(a) Capillary Samples. 
Samples of capillary blood from the thumb were taken from each 
subJect before and during exercise without having to stop the runner. 
Alcohol swabs were used to clean the thumb before and after pricking 
the thumb with a ster1l1sed lancet <Boehr1nger Mannheiml. Duphcate 
capillary blood samples for the determination of blood lactate and 
blood glucose (25 ull were collected from the thumb in calibrated 
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mlC:ro-pipettes IAcupette Pipettes; Sc1enti fie Industries Ltd. l. The 
blood was deprote1n1zed in 250 ul of 2.57. perchloric acid, centrifuged 
and then frozen at -20° C, for later analysis. 
lbl Venous Blood Samples. 
Venous blood samples were taken from an ante-cubital vein with the 
subject seated. The blood was placed 1n heparinised tubes and then 
centrifuged to obtain the plasma, which was then stored at -2oac for 
later analysis. 
From the venous blood dupl1cate 20 ul samples were taken and mixed 
w1th 5ml Drabkins solut1on for the determination of haemoglobin 
concentration. In addition, tripl1cate samples of venous blood were 
placed 1n heparinized capillary tubes for the measurement of 
haematocrit. The tubes were plugged using miniseal clay blocks 
(Scientific Industries Ltd.), centrifuged for 10 m1nutes in a 
micro-haematocrit centrifuge IHawksleyl. Values were then calculated 
with a micro-haematocrit reader IHawksleyl. 
Using the values for haemoglobin and haematocrit, the percentage 
change 1n the plasma volume was calculated, us1ng the methods 
described by D1ll and Cost1ll (1974). 
3.3 Analyses of Test Measurements. 
3.3.1 Analysis of Expired Air. 
The standard method of calculating oxygen uptake, carbon diox1de 
• production, and vent1lat1on was used, details of wh1ch 
Appendix 2. Calculations to obtain the derived 
respiratory exchange ratio, ventllatory eff1c1ency .and 
are also g1ven 1n Appendix 3. 
.are shown In 
parameters of 
oxygen pulse 
The equipment used for the analysis of expired air is described 
below. 
(a) Gas analysers. 
A digital paramagnetic oxygen analyser ITaylor Servomex Model 570Al 
was used to measure the percentage of oxygen in expired air. An 
infrared carbon diOXIde analyser !Mines Safety Appliances Ltd., L1ra 
Model 3031 was used to determine the percentage of carbon dioxide in 
the expired a1r. The analyser was used 1n conJunction with a 
calibration curve supplied by the manufacturer. 
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The oxygen and carbon diox1de analysers were cal1brated before 
every expired a1r analysis, us1ng a null gas (100% n1trogenl, room air 
and a gas of known oxygen and carbon d1ox1de concentration. 
(b) Gas Volume Meter. 
A dry gas meter <Park1nson Cowan Ltd.), calibrated by the 
manufacturers and 1n the laboratory using a 600 litre T1ssot 
spirometer (Collins Ltd.l, was used to determine the volume of expired 
a1r. The a1r from the Douglas bag was drawn through the dry gas meter 
<Parklnson-Cowan Ltd.) using a small pump. 
The temperature of the expired a1r was obtained using an Edale 
thermistor <type 2984, Model Cl, f1tted to the inlet tube of the gas 
meter. The barometric pressure in the laboratory was also noted at the 
t1me of the gas analysis. 
3.3.2 AnalysiS of Blood Samples. 
<a> Capillary Blood. 
Blood lactate was analysed us1ng a mod1ficat1on of Olsen•s <1971) 
fluor1metr1c procedure, for which the coeffiCient of var1ation was 
3.0% IW1ll1ams and Nute 1981). Blood glucose was analysed using a 
colourimetric method, analysed photometrically Using an Eppendorf 
Photometer <Maughan 19821. 
Haemoglobin was measured 1n accord w1th the cyanmethaemoglobin, 
colour1metr1c method of Van Kan1pen (19611. 
(b) Venous Blood • 
• The 10 ml venous blood samples obta1ned from an arytecubital ve1n 
were centrifuged, and then the plasma divided 1nto two. One sample was 
stored appropriately for the analysiS of plasma catecholamines, and 
the other sample was stored appropriately for the analysis of plasma 
free fatty acids and plasma glycerol. 
Plasma catecholamines (adrenaline and noradrenaline) were 
determined us1ng liqu1d chromatography with electrochemical detection, 
in accordance with modifications of the methods of B1oanalytical 
Systems Ltd. and Dav1es, Kiss1nger and Shoup (1981). The coefficient 
of variation of the methods to determine adrenaline and noradrenaline 
were 5.9% and 3.5%, respectively. 
Plasma free fatty ac1ds was analysed us1ng a modification of the 
photometr1c, colour1metric assay of Chromy, Gerger, Vozn1cek, 
Krombholzova and Mus1l (1977) and plasma glycerol measured us1ng a 
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fluor1metr1c assay mod1f1ed from Laurel! and Tibbling (1966). 
Full details of these assays are g1ven in appendices 4 to 9. 
3.4 Test Details. 
A series of three treadmill running tests were performed on all 
subjects Involved 1n each of the studies: 
3.4.1 Max1mum Oxygen Uptake Test. 
Max1mum oxygen uptake was determined dur1ng uphill treadmill 
running us1ng a 
Henschel <1955) 1 
modification of the protocol of Taylor 1 Busk1rk and 
employ1ng the Douglas bag procedure for the 
collection of exp1red air. This procedure, 1nvolv1ng subjects running 
at a constant speed up an ever Increasing gradient until subjective 
exhaustion was preferred to the protocols employing Increasing speeds, 
for safety reasons. The test-retest reliability coefficient of 0.95 
was obta1ned by Taylor et al (1955) in 69 determ1nations of VOz max by 
th1s method, 
After we1ght was obta1ned and ECG electrodes applied, the subject 
was Informed of the max1mal effort demanded by the test and the 
requirement of the subJect to give a signal w1th the 1ndex finger to 
1ndicate that he or she could run for only one more m1nute1 dur1ng 
which a sample of expired a1r would be collected. A brief warm up was 
allowed, and then the sUbJect was connected to the heart rate monitor, 
A runn1ng speed was selected according to the runn1ng ability of the 
subJect. 
The speed of the treadmill was held constant throughout the test, 
w1th the grade of the treadmill be1ng increased by 2.5% (from an 
1n1t1al 3.5Y.l every three minutes. Expired air collections were made 
from m1nutes 1:45 to 2:45 1n the three minutes at each grade, and 
during the f1nal minute of exercise. Heart rate was monitored 
continuously throughout the test and the maximum heart rate obtained. 
The treadmill run time was recorded. 
Exp1red a1r was analysed for the percentages of oxygen and carbon 
dioxide and the ventilation obtained for each gas collection. Using 
the Haldane technique, oxygen uptake and carbon d1ox1de production 
were determined <Appendix 2l. The highest value obtained for oxygen 
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uptake was taken as the subJects max1mum oxygen uptake !VO~ max), when 
the following cr1ter1a were sat1sf1ed: 
(a) Subjective exhaustion, and 
!b) a respiratory exchange rat1o !VCOz/VOz) greater than 1.15. 
3.4.2 Submax1mal Running Test (Speed-Lactate). 
A submax1mal runn1ng test was employed to determine each subJects 
relationship between running speed, oxygen uptake and blood lactic 
acid accumulat1on. 
The subjects arr1ved at the laboratory having fasted for at least 3 
hours. Their weight was obtained and ECG electrodes applied. A 
pre-exerc1se capillary blood sample was taken from a pre-warmed thumb: 
Duplicate 25ul and 20ul capillary tubes collected blood for the 
determ1nat1on of blood lactate and haemoglobin respectively. 
A continuous runn1ng protocol on a level treadmill was employed 
involving 4 minutes at each of 4 speeds, in a sequence of slowest to 
fastest. The speeds were selected to el1cit approximately 60, 70, 80 
and 90 7.V02 max for each subJect. Expired a1r was collected during the 
final m1nute of each 4 m1nute at each speed. Without slow1ng the 
treadmill duplicate 25ul blood samples for the determ:nation of blood 
lactate, were obtained from the thumb every four minutes at the end of 
the four m1nutes at each running speed. At the end of the s1xteen 
m1nutes the treadm1ll was slowed down, dur1ng which time the last 
blood sample was taken. 
Heart rate was mon1tored at 30 second Intervals throughout the 
test. The mean of the heart rates collected dur1ng the m1nute of 
expired a1r collection, was calculated. Ratings of perceived exertion 
were obtained dur1ng the per:od of gas collection !Borg 1973). 
Exp1red a:r was analysed for the percentage of oxygen and carbon 
dioxide and the volume of vent:lat:on obtained. From this informat:on 
oxygen uptake and carbon dioxide production at each speed, was 
calculated. A regress:on equat1on and Pearson product moment 
correlation, describing the relationship between runn1ng speed and 
oxygen uptake !ml.kg.-•m:n-•) for each subject, was obtained. Using a 
computer programme, the running speed, VOz !ml.kg.-•min-•) and 7.V02 
max at blood lactate concentrat:ons of 2mM and 4mM, were obta:ned. 
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3.4.3 Exercise-Induced Asthma Test. 
SubJects were requested to go without the following asthmatic 
medication for these spec1f1ed periods prior to the test for 
exercise-Induced asthma: 
(a) Bronchodilator treatment - B hours. 
(b) Sod1um cromoglycate - 24 hours. 
(c) Theophylline preparations - 24 hours. 
Inhaled steroids (beclomethasone dipropionate) were continued as 
normal. 
Resting dry spirometer and peak flow recordings were made, and If 
they were not more than 157. lower than the values previously obtained 
for the subJect and above 607. of predicted normal, then the test was 
allowed to proceed. 
The ECG electrodes were applied and the subject was attached to the 
heart rate monitor. The test Involved runn1ng on the treadmill for 2 
m1nutes at a warm up speed, and then 6 minutes at a faster speed 
selected to elic1t approximately 807. V02 max !Wilson and Evans 
1981). The perceived rate of exertion was obtained throughout the test 
and noted dur1ng the final minute. A one m1nute sample of exp1red air 
was collected dur1ng the flnal m1nute of the test. Immediately after 
the cessation of exerc1 se and 5, 10, 15 and 20 minutes post-exercise, 
dry sp1rometer <FEV.> and peak flow recordings were made. 
A phys1cian was 1n attendance throughout the test, and oxygen was 
available 1f required. If the sUbJect became very as~hmat1c, the test 
was term1nated and a bronchodilator was adm1n1stered, usually through 
a "spacer" device. In order to evaluate whether EIA was Induced, the 
percentage fall in the FEV 1 from resting values was calculated, as 
follows: 
Pre Exercise FEV, Lowest Post Exercise FEV, 
7. Fall FEV, = ----------------------------------------------- )( 100 
Pre Exerc1se FEV, 
A percentage fall of FEV1 of over 107. is confirmation of EIA <Anderson 
1983). 
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CHAPTER 4 
A COMPARISON OF UNTRAINED ASTHMATIC AND NON-ASTHMATIC MALE ADULTS. 
4.1 Introduction. 
There 1s a surpr1singly small amount of literature compar1ng the 
Clrculatory, vent1latory and metabol1c responses to exerc1se 1n 
asthmat1cs and non-asthmat1cs IMcFadden 1984a). Potentially, 
asthmat1cs may have a low exercise tolerance, e1ther because the 
a1rway obstruct1on associated with the asthma may affect the maximum 
card1o-resp1ratory response to exerc1se IF1tch and Godfrey 1976), or 
alternat1vely the 1nactiv1ty wh1ch may follow from a fear of provok1ng 
EIA may retard the development of the cardio-respiratory system 
lMcFadden 1984al. 
In stud1es that have compared the maximum phys1ological responses 
of asthmat1c and non-asthmatlc children, the results were confl1ct1ng. 
Bevegaard et al (1976) reported a normal maximum card1o-resp1ratory· 
response to exercise, whereas Cropp and Tanakawa (1977) reported an 
adverse effect of asthma on the max1mal response to exerc1se. There 
have been no stud1es, however, wh1ch have made a d1rect comparison of 
the max1mum exerc1se capac1ty of asthmatic and non-asthmatic adults. 
There is also ev1dence that the phys1ological responses 1n 
untra1ned asthmat1cs may be 1mpa1red during submaximal exerc1se. 
Firstly, the oxygen cost of a g1ven act1v1ty has b~en found to be 
greater for asthmat1cs compared to non-asthmatlcs IWasserman and Wh1pp 
1975; Cropp and Tanakawa 1977). Th1s was thought to' be due to an 
1ncreased oxygen cost of breath1ng. Secondly, some stud1es have shown 
that asthmat1cs have h1gher blood lactate concentrations at the same 
submax1mal absolute work loads, compared to non-asthmatics (Silverman 
et al 1972b, Barbor1ak et al 1973>, although more recent ev1dence does 
not support th1s !Packe et al 1987). Despite these f1nd1ngs there have 
been no stud1es compar1ng the phys1olog1cal responses of groups of 
asthmat1cs and non-asthmatics at the same relat1ve work loads, that 1s 
at the same xvo2 max. 
The a1m of th1s study was to compare the physiolog1cal responses of 
asthmat1cs and non-asthmatics, firstly, to max1mal exerc1se and 
subsequently to submaximal exercise both at the same absolute and 
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relattve exerctse tntenstties. The subJects were chosen so that the 
current level of acttvtty was similar for the two groups and thus any 
dtfferences may be attributed to the asthma per se, rather than 
dtfferences tn the habttual level of acttvtty. 
4. 2 Methods. 
4.2.1 SubJects. 
Seventeen untratned male asthmatic adults from the student and 
general publtc populattons were tested. These tndtviduals had all 
volunteered to be subJects tn endurance runntng tratning studtes. The 
baseltne observattons made before the runntng traintng, so that each 
subJect was tn an "untratned" state, were used for compartson. The 
responses of the asthmattcs were compared to 17 male non-asthmattc 
adults, whose habttual levels of activity and ages were simtlar to 
those of the asthmattc group. 
4.2.2 Laboratory Testing. 
The V02 max and "speed-1 actate" treadmtll tests, were performed by 
each subJect to measure the ctrculatory, ventilatory and metaboltc 
responses to both maxtmal and submaxtmal exerctse. The detatls of 
these tests are gtven tn the General Methods <Chapter 31. 
Prtor to the V02 max test, the subJects lung functton was measured 
ustng dry sptrometry <FEV,, FVC 1 and FEV 1 /FVCXI before and after thetr 
usual' pre-exercise medtcatlon for all of the asthmattc _group, and for 
10 of the non-asthmattc group. The lung functton was expressed as a 
percentage of predtcted normal (Kamburoff and Wottowitz 19721. 
4.2.3 Stattsttcs. 
A students •t• test <unpatredl was used to analyse the dtfference 
between the asthmattc and non-asthmattc groups. The lung function and 
the phystologtcal responses during both the maxtmal and submaximal 
exerctse, were compared. The patred •t• test was used to analyse the 
change tn lung functton wtth pre-exercise medicatton, for the 
asthmattc group. The Pearson product moment correlatton was used to 
analyse the relationshtps between the V02 max, VB max and the lung 
functton <FEV, percent predtctedl. 
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4.3 Results. 
4.3.1 Phys1cal Character1st1cs. 
The asthmat1c and non-asthmatlc groups were reasonably well matched 
for age, he1ght and we1ght (Table 4.1). Table 4.2 shows the lung 
funct1on of the asthmatics tw1thout med1cat1onl and the 
non-asthmatlcs, obta1ned before the VOz max test. The FEV. and FVC, 
expressed as a percentage of pred1cted normal, were sign1f1cantly 
lower for the asthmat1c group compared to the non-asthmatic group. 
Us1ng the categor1sat1on of Cropp and Tanakawa (1977), the airway 
obstruct1on for the asthmat1cs tFEV 1 percent pred1ctedl, could be 
categor1sed as normal for 12; mild for 3; moderate for 1; and marked 
for 1. 
Pr1or to the max1mal and submaximal treadmill running tests the 
asthmat1cs took the1r usual pre-exerc1se medicatlon. For the majority 
of the asthmat1cs, th1s was e1ther salbutamol (Ventolinl or sodium 
cromoglycate (Intal or Intal compound>, taken s1ngly or in 
comb1nat1on. The mean FEV 1 , prior to the V02 max test was 1ncreased 
from 3.88 + 0.86 to 4.08 t 0.83 l1tres for the asthmatics after 
the1r usual pre-exerclse med1cat1on. Th1s represented a small 1ncrease 
(5/.l 1n the FEV. from basel1ne. The FEV. w1th pre-exerc1se medicat1on, 
expressed as a percent of pred1cted, was still s1gn1ficantly lower 
for the asthmat1cs compared to the non-asthmatlcs (85.5 + 12.3 i. vs 
100.5 t 14.2 7., p<0.01l. 
4.3.2 Max1mal Exercise. 
Table 4.3 shows the results from the max1mal exercise test. The 
mean VOz max was s1gn1f1cantly lower for the asthmat1cs compared to 
the non-asthmat1cs (47.0! 5.9 vs 51.7 t 5.0 ml.kg.-•min-•, p<0.05). 
In add1t1on, the lowest V02 max values were obta1ned for asthmatic 
subJects. Maximum vent1lat1on rate (VH max) was s1gnif1cantly lower 
for the asthmat1cs compared to the non-asthmatics (117 t 22 vs 142 
+ 14 l.mln-• BTPS, p<0.01l. The range of the values for VE max was 
much greater for the asthmat1c group. Maximum heart rate was lower for 
the asthmat1cs compared to the non-asthmatics, but the d1fference was 
not signif1cant. However, the respiratory exchange rat1o tRl, wh1ch is 
often taken as ev1dence that VOz max has been reached, was 
s1gn1f1cantly lower for the asthmat1cs compared to the non-asthmatics 
(1.13! 0.07 vs 1.18 ± 0.05, p<0.05l. 
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Graphs of the relatlonshlpS between vo2 max, VR max and the percent 
pred1cted FEV 1 !w1th med1cat1onl 1 are shown for both groups. There was 
a s1gnif1cant correlat1on between the percent pred1cted FEV, and the 
Vs max ach1eved for the asthmatic group, such that those w1th a lower 
percent pred1cted FEV, have a lower Vs max <r=0.701 1 p<O.Ol Figure 
4.1al. A s1gnif1cant correlation was found between VOz max and VB max 
for the asthmat1c group, showing that the lower the max1m1um 
vent1lat1on the lower the VOz max !r=0.5981 p(0.05 -Figure 4.2al. A 
further s1gnificant though modest correlat1on was found between VOz 
max and the percent predicted FEV, for the asthmatic group (r=0.502, 
p<0.05- F1gure 4.3al. The non-asthmatlc group showed no signiflcant 
relat1onsh1ps between these parameters !Figures 4.1b, 4.2b and,4.3b). 
An example of the pattern of response to max1mum exerc1se of an 
asthmat1c w1th marked a1rflow obstruction !FEV, 55.ar. predicted) 
compared to an asthmatic w1th near normal lung function !FEV 1 94.Br. 
pred1ctedl 1 1s g1ven !F1gure 4.4>. The ventilatlon rate for the 
asthmat1c w1th severe pre-exerclse obstruction d1d not 1ncrease 
s1gnificantly as max1mum exercise was approached, although the oxygen 
uptake d1d show a further increase, attr1buted to an 1ncreased 
extract1on of oxygen from the 1nspired air. In addition, the 
respiratory 
max1mum for 
suggesting 
exchange rat1o fell as the exercise intens1ty approached 
the asthmatic With severe pre-exercise obstruction, 
that this asthmat1c was unable to increase the ventilation 
suffiCiently to elimlnate the carbon dioxide generated by the working 
muscles. In contrast, the asthmat1c With an FEV, near pred1cted 
• 
normal, shows a normal response to maximum exercise, With increases in 
minute ventilat1on and resp1ratory exchange ratio as the exercise 
intensity increases. 
4.3.3 Submaximal Exercise. 
In addition to a comparison of the maximum physiological responses 
to exercise of the asthmat1c and non-asthmatic groups, a compar1son of 
selected physiological responses were made for submaximal exercise, at 
a reference running speed !2.75 m.s- 1 ) and at the same relat1ve 
e>:ercise intensity (75Y. VOz maxl. 
Table 4.4 shows a summary of the physiological responses at a 
reference running speed equivalent to 2.75 m.s-• for the asthmatic and 
non-asthmatic groups. Th1s runn1ng speed was chosen to compare the 
groups because all subjects, asthmatic and non-asthmat1c 1 ran at 
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ranges of treadmill speeds during the submax1mal test which 
encompassed 2.75 m.s- 1 • There were statistically s1gn1f1cant 
differences between the groups for certain measurements. The 
asthmatics showed higher blood lactate concentrations (3.86 ! 1.59 vs 
2.61 + 1.12 mM, p<0.05l, poorer vent1latory equivalent !25.0! 2.6 
~s 21.7 t 2.6 1, p<0.001l, increased fraction of oxygen left 1n 
expired a1r (16.9 + 0.5 i. vs 16.3 t 0.5 i., p<0.01l and reduced 
percentage of carbon d1oxide exhaled into exp1red air (3.95 ~ 0.46 vs 
4.48 ~ 0.39, p(0.01l, when compared to the non-asthmatics. The oxygen 
uptake expressed as a percentage of V02 max at 2.75 m.s- 1 was, 
however, h1gher for the asthmatiC group (76.87.), compared to the 
non-asthmatic group (70.17.). 
Further compar1son of the results shows that when the phys1olog1cal 
responses were compared at the same relat1ve exercise 1ntens1ty (757. 
V02 maxl (Table 4.5>, the blood lactate concentration was not 
different for the asthmat1cs compared w1th the non-asthmatics. 
However, the other s1gn1f1cant differences found between the 
asthmatics and non-asthmatics at the reference runn1ng speed, 
persisted, when compared at the same relat1ve exercise intensity. 
The ventllatory equivalent or the ventilation requ1red to obtain 
one l1tre of oxygen, was s1gn1f1cantly greater for the asthmatics 
compared to the non-asthmatics at 75 i. V02 max (25.0 ~ 2.6 vs 22.4 
~ 2.1 I, p<0.01l. In addition, the fract1on of oxygen in the exp1red 
air !Fe02i.l was s1gnif1cantly higher for the asthmatics compared to 
the non-asthmatics at 757. V02 max (16.92 t 0.46 i. vs 16.44 ! 0.40 i., 
p(0.01l. Furthermore, the percentage of carbon dioxide 1n the expired 
a1r !FeC02i.l at 757. V02 max was significantly lower for the asthmatics 
compared to the non-asthmatics (3.95 ~ 0.43 i. ~s 4.43! 0.36 i., 
p(0.01l. 
The above data has given statistical comparisons of selected 
physiological responses to submax1mal exercise of untrained asthmatic 
and non-asthmatic males at 2.75 m.s- 1 and at 757. V02 max. The 
responses over a range of submax1mal running speeds for the asthmatic 
and non-asthmatic group of selected phys1olog1cal variables are shown 
graphically. 
The oxygen cost of runn1ng at a range of submax1mal running speeds 
IS shown 1n Figure 4.5, indicating no difference between the 
asthmatics us1ng pre-exercise medication, and the non-asthmatics. 
Nevertheless, the var1at1on w1th1n the asthmatic group 1n terms of 
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oxygen requirements at 2.75m.s-• 
ml.kg.- 1 mln-•>. These 1nd1v1dual subJect 
were large 
variations 
127.7 to 40.5 
for the oxygen 
cost of running w1th1n the asthmatic group were not significantly 
correlated to the percent predicted FEV,Ir=0.064: nsl. 
F1gure 4.6a shows the blood lactate concentrations over a range of 
submax1mal runn1ng speeds. The asthmat1c group showed a significantly 
h1gher blood lactate concentration at a runn1ng speed of 2.75 m.s-• 
when compared to the non-asthmatic group. When the running speed IS 
expressed as a Y.VDz max, however, the blood lactate concentrations 
between the asthmatic and non-asthmatic groups were not different 
!Figure 4.6bl. 
F1gures 4.7a and 4.7b show the relat1onsh1p of heart rate w1th both 
runn1ng speed and Y.VDz max, respectiVely. At any g1ven percentage of 
V02 max, heart rate 1s slightly lower for the asthmatic group compared 
to the non-asthmatics, which may be a reflection of the lower max1mum 
heart rate of the asthmatic group. Figure 4.8 shows that at any g1ven 
running speed, ventilation IS sl1ghtly higher, although not 
Significantly so at 2.75 m.s-1, for the asthmatiC group. The large 
Intra subJect var1at1on 1n the vent1lat1on required at a 2.75 m.s-• 
145.7 to 100.7 l.mln-• BTPS> was not correlated to the percent 
pred1cted FEV1 lr=0.120: ns>. 
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Table 4.1. The phys1cal character1st1cs of the groups of untra1ned 
asthmat1c and non-asthmatlc males <mean! SDl. 
Non-Asthmatl cs Asthmatics 
<n=17) <n=17) 
Age (years) 26.5:!:. 9.4 23.5 ! 7.4 
Range 20 - 55 16 - 41 
He1ght <ml I. 79 :!:. 0.04 1.79! o.o9 
Range 1. 72 - 1.99 1.61 - 1.90 
We1ght (kg) 74.6 :!:. 9.4 69.6 ! 10.3 
Range 55.5 - 97.5 54.2 - 99.55 
• 
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Table 4.2. Lung funct1on values of the untra1ned asthmatic and 
non-asthmatlc males. Values are w1thout medicat1on and shown as a 
percentage of pred1cted normal (mean± SDI. 
VC <1. BTPSl 
Actual 
f. of Pred1cted 
FEV, <1. BTPSl 
Actual 
f. of Pred1cted 
FEV,/FVC'f. 
Actual 
Stati stu:all y 
Non-Asthmatl cs 
<n=10l 
5.79 + 0.64 
104.0 + 14.6 
4.73 + 0.62 
100.5 + 14.2 
81.9 + 8.5 
s1gmhcant difference between 
non-asthmatlcs: * p<0.05, ** p<0.01 
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Asthmatlcs 
<n=17l 
5.06 + 1.02 
91.2 + 15.2 * 
3.88 + 0.86 
81.4 + 15,0 ** 
77.1 + 12.5 
asthmatics and 
Table 4.3. The phys1olog1cal character1st1cs of the untra1ned 
asthmat1c and non-asthmatlc males obta1ned in response to the max1mum 
oxygen uptake test lmean ~SOl. 
vo2 max ll.min-1) 
Range 
vo2 max lml.kg.-1m1n-1) 
Range 
H.R. max. lbeat.mln-1 ) 
Range 
Va max.ll.min- 1 BTPSl 
Range 
R max. 
Range 
\ 
Non-Asthmatlcs 
ln=17> 
3.85~0.53 
2.83 - 4.93 
51.7 ±. 5.0 
40.6 - 57.8 
194 ±. 12 
164 - 209 
142.3 ±. 14.3 
122.7- 181.7 
1.18 ±. 0.05 
1.10- 1.30 
Stat1st1cally s1gn1f1cant d1fference 
asthmat1c groups: * p(0.05 • ** p<0.01 
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Asthmatlcs 
ln=17l 
3.26 .:!:. 0.53 .... 
2.56 - 4.14 
47.0 .:!:. 5.9 .. 
35.2 - 57.4 
188:!: 8 
173- 203 
117.0.:!:. 21.9 .... 
74.7- 164.6 
1.13.:!:. 0.07 .. 
0.96 - 1.25 
between non-asthmatlC and 
Table 4.4. A comparison of selected physiological measurements for 
untrained asthmatic and non-asthmatic males, at a reference runn1ng 
speed of 2.75 m.s- 1 (mean! SOl. 
vo~ _ 
(ml.kg.- 1 mln- 1 ) 
% VD:z max 
VCD:z 
<ml. kg. - 1 mln-l) 
Heart Rate 
(beat.mln- 1 ) 
Blood Lactate 
<mM> 
R <VCD:z/VD:z) 
Venhlatory 
Equivalent 
FeCD:z% 
Non-Asthmatl cs 
<n=15l 
35.5 :!: 2.1 
70.1 !.. 6.4 
33.9 + 1. 8 
68.5 + 10.2 
157 :!: 14 
2.61 :!: 1.12 
0.95 !.. 0.04 
21.7 :!: 2.6 
16.3 !.. 0.5 
4.48 !.. 0.39 
Stat1st1cally sign1f1cant difference 
non-asthmatic groups: •••p<O. 001, **p<O. 01, 
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Asthmatics 
<n=17l 
35.8 ! 3.9 
76.8 ! 11.8 
34.4 ! 4.2 
73.9 + 11.5 
163 ! 17 
3.86 ! 1. 59* 
0.96 ! 0.04 
25.0 .:!: 2.6*** 
3.95 ! 0.46** 
between 
*p<0.05 
asthmatic and 
Table 4.5. A comparison of selected phys1olog1cal measurements for 
the untra1ned asthmatic and non-asthmatiC males, at runn1ng speeds 
equivalent to 757. VDz max (mean! SOl. 
Non-Asthmatics <n=15l Asthmatics <n=17l 
Blood Lactate <mM> 3.29 + 1.03 3.51! 0.74 
Vent1latory Equivalent 22.4 '!:.. 2.1 25.0 ! 2.6** 
16.4 '!:.. 0.4 16.9 ! 0.5*" 
4.43 '!:.. 0.36 3.95! 0.43** 
Statistically s1gn1ficant difference between asthmatic and 
non-asthmatic groups: ••p<0.01 
) . 
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Figure 4.1b 
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F1gures 4.1a and 4.1b, The relatlonsh1p of the FEV 1 , expressed as a 
percentage of pred1cted normal values, to the max1mum vent1lat1on rate 
for the untra1ned asthmat1cs [4.1al and non-asthmatlcs [4.1bl. 
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Figure 4.2a 
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Figures 4.2a and 4.2b. The relationship of the maximum ventilat1on 
rate to the maximum oxygen uptake for the untrained asthmat1cs [4.2al 
and non-asthmatics [4.2bl. 
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Figure 4.3a 
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Figures 4.3a and 4.3b. The relationsh1p of the FEV 1 , expressed as a 
percentage of predicted normal values, to the max1mum oxygen uptake 
for the untra1ned asthmatics [4.3aJ and non-asthmatics [4.3bJ 
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F1gures 4.6a and 4.6b. The blood lactate concentration in relat1on 
to running speed (4.6al and 7.V02 max (4.6bl, for the untra1ned 
asthmat1c and non-asthmatic groups. 
96 
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F1gure 4,8. The ventilation rate at a range of submax1mal runmng 
speeds, for the untra1ned asthmatic and non-asthmatic groups. 
4.4 D1scuss1on. 
It has been suggested that any differences 1n the phys1olog1cal 
measurements between asthmat1cs and non-asthmat1cs 1s l1kely to be due 
to 1nact1v1ty result1ng from a fear of provok1ng EIA (McFadden 1984a). 
The purpose of thls study was, therefore, to compare the physiolog1cal 
responses to max1mal and submax1mal treadm1ll running of groups of 
untra1ned asthmat1c and non-asthmatlc male adults w1th s1milar levels 
of hab1tual activ1ty. The two groups were therefore reasonably well 
matched for the dependent var1ables1 1nclud1ng act1v1ty levels, age 
and sex, and thus any d1fference observed on exerc1se could be maJorly 
attributed to the a1rway obstruct1on 1n the asthmat1c group. 
The asthmat1c group toolc the1r normal pre-exerc1se med1cation pnor 
to the treadm1ll runn1ng tests to m1nim1se exercise-1nduced asthma. 
The basel1ne a1rway obstruct1on for the group of asthmatics under 
1nvest1gat1on was essent1ally m1ld, w1th a mean FEV 1 81.4 percent 
pred1cted. Th1s is conf1rmed by the classif1cation of the asthma using 
the cr1ter1a of Cropp and Tanakawa (1977) w1th the maJOrlty of the 
asthmahcs be1ng class1f1ed as hav1ng "m1ld" asthma. Within the 
asthmat1c group, however, there were a few 1ndiv1duals with more 
severe a1rway . obstruction. The effect of the prescence and the 
severity of a1rflow obstruct1on on the max1mum and submax1mal response 
to exerc1se in the asthmatic group, 1s d1scussed below. 
4.4.1 Max1mal Exerc1se 
The max1mum oxygen uptake of untra1ned 1nd1v1duals 1s usually 
hm1ted by the card1ac output and the ox1dative. capacity of the 
skeletal muscles, and not by the ventilat1on rate (Dempsey 1986). In 
1nd1v1duals w1th a1rflow obstruct1on, however, the maximum ventilat1on 
may be reduced and thus may become the rate limiting step 1n 
determ1n1ng V02 max. Insp1te of only a modest degree of pre-exercise 
a1rway obstruchon, the max1mum ventilat1on attained by the asthmahc 
group was s1gn1f1cantly reduced compared to the non-asthmat1c group 
<117.0 t 21.9 vs 142.3 t 14.3 l.min-• BTPS>. Th1s would 1nd1cate 
that the a1rflow obstruction 1s lim1t1ng the maximum vent1lat1on rate, 
wh1ch may be adversely affect1ng the V02 max. 
The asthmatic group showed s1gn1f1cantly lower values for V02 max, 
compared to the non-asthmatlc group (47.0 + 5.9 vs 51.7 + 5.0 
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ml.kg.- 1 mln-•. Insp1te of the reduced V02 max of the asthmatic group 
compared to the non-asthmatic group 1n this study, the mean value 
obta1ned for VOz max IS still considerably higher than that quoted by 
other stud1es for asthmatic male adults !Bundgaard et al 1982b; 
Ingemann-Hansen et al 1980). Th1s IS partly due to the nature of the 
exerc1se test, as Bundgaard et al !1982bl employed cycle ergometry 
!wh1ch IS known to result 1n a lower VOz max than treadmill runn1ngl, 
and partly due to the slightly older population of asthmatics 
1nvest1gated by Ingemann-Hansen et al (1980). In add1t1on, many of the 
asthmatiCS 1n the present study, although not endurance trained, were 
reasonably act1ve, and not hospitalised as quoted 1n other reports. 
Th1s would sugg~st that the asthmatics In this study ·have a 
slightly 1mpa1red maximal response to exercise compared to the 
non-asthmatic group. The lower VO,. max of the asthmatic group compared 
to the non-asthmatiC group may be associated With the lower VE max, 
wh1ch 1n turn may be Influenced by the a1rway obstruct1on of the 
asthmatiC group. It has been suggested by Cropp and Tanakawa !1977> 
that there must be a considerable deter1orat1on in lung function 
before the asthmatiC cannot 1ncrease the vent1lat1on adequately 1n 
response to exerc1se, and the threshold has been placed at an FEV, of 
607. of the pred1cted normal. Indeed, the results from the present 
study conf1rm that the asthmatic w1th the poorest FEV, !557. pred1ctedl 
d1d show an 1mpa1red vent1latory response to maximal exerc1se, with 
fa1lure to 1ncrease the ventilat1on rate as max1mum exerc1se was 
approached, and consequently ach1eved a low VOz max. The signif1cant 
' 
correlations between measurements of lung function •!FEVt percent 
predicted>, max1mum vent1lat1on and maximum oxygen uptake, however, 
may suggest some impairment in the max1mal response to exerc1se 1n 
asthmatics even when th1s "threshold" for the degree of airway 
obstruction has not been reached. 
It has been demonstrated that the greater the decrement in FEV, the 
lower both the VE max and V02 max. In add1t1on, VE max and VOz max 
were pos1t1vely correlated, such relat1onships not observed for the 
non-asthmahc group. Th1s would suggest that the severity of the basal 
airflow obstruct1on 1nfluences the Vs max, and subsequently l1m1ts the 
V02 max. When low VOz max values have been reported for hosp1tal1sed 
asthmatics, th1s may therefore be due to thejiresence lot asthma alone 
supporting the v1ews of F1tch and Godfrey !19761, and not necessarily 
due. to the 1nact1v1ty of the asthmatic 1nd1V1dual as has been 
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suggested by McFadden (1984a). These correlations would suggest that 
1mpa1rment of the VE max and V02 max may occur even when FEV, is only 
slightly below pred:cted normal, w1th the sever1ty of the 1mpa1rment 
related pos1t1vely to the severity of a1rflow obstruction. 
The s1gn1f1cantly lower respiratory exchange ratio (R) values 
dur1ng maximum exercise of the asthmatic group suggests that the 
asthmatics were less able to expel the carbon d1oxide produced. Th1s 
observation agrees w1th the proposal by Cropp and Tanakawa (1977), who 
stated that when pre-exerclse pulmonary function 1S very poor, some 
asthmatics are unable to Increase the vent1lat1on rate suffiCiently to 
effectively el1m1nate the Increased carbon d1ox1de generated by the 
muscles. In asthmatics, w1th marked a1rflow obstruction it ~ay not 
therefore be appropriate to use a respiratory exchange rat1o value of 
over 1.15 <Issekutz et al 1962) as one of the main determinants to 
establish that vo2 max has been reached. 
4.4.2 Submax1mal Exercise. 
Previous stud1es have failed to equate the level of exercise 
1ntens1ty for the asthmatic and non-asthmatic groups. Hence, in the 
present study comparisons both at the same absolute running speed, and 
at the same %V02 max have been made between the asthmatic and 
non-asthmatic groups. 
Wasserman and Wh1pp (1975), and Cropp and Tanakawa (1977) 
1nd1cated that the oxygen cost and vent1latory demands of a given 
act1v1ty was greater for asthmatics compared to the non-asthmatics, 
due to an Increased oxygen cost of breathing. The results of the 
present study contradicted these findings, showing no s1gn1ficant 
difference 1n the oxygen cost of running or the ve~t'1lahon required 
at a g1 ven treadmill speed between the two groups. Nor was the oxygen 
uptake or vent1lat1on rate required by each subJect correlated to the 
degree of airflow obstruction <FEV 1 % predicted). Th1s discrepancy 
w1th the results of prev1ous studies may be explained by the fact that 
the asthmatic group were all tak1ng their normal pre-exerclse 
med1cat1on, protecting them from EIA. Due to the relatively modest 
degree of airflow obstruction the oxygen cost of breathing may not 
necessarily be elevated for th1s group. Furthermore, the 1nd1v1dual 
subJect vanatlons 1n oxygen uptake and ventilation rates at a g1ven 
speed may be more a function of other factors such as training status 
and running style, than the sever1ty of a1rway obstruction. 
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In add1t1on, the card1ac response to submax1mal exerc1se appears 
s1milar for medicated asthmatics and non-asthmatics. This assessment 
has focused purely on heart rate, and the effect of asthmatic 
med1cat1on on cardiac arrythm1as during exerc1se for example, has not 
been evaluated. 
Although the absolute vent1lat1on rate required at a g1ven runn1ng 
speed IS not different between asthmatics and non-asthmatics, subtle 
differences 1n the respiratory responses to exercise were observed in 
this study. The asthmat1c group had both a poorer ability to extract 
oxygen from the 1nsp1red a1r <FE02 Y.) and expel carbon d1oxide during 
exerc1se !FEC02Y.l, compared to non-asthmatics. Th1s is reflected 1n 
the s1gnif1cantly poorer vent1latory equivalent of the asthmatic group 
at both the same absolute and relat1ve work loads. Th1s poorer gas 
exchange of the untrained asthmatic compared to the non-asthmatic, may 
be due to mucous plugg1ng or vent1lation/perfusion m1smatch as a 
result of a1rway narrowing. Thus the asthmatic exerciSes under less 
eff1c1ent vent1latory cond1t1ons, a find1ng wh1ch agrees w1th the work 
of Cropp and Tanakawa !1977> with asthmatic children. 
The metabolic changes dur1ng exercise in asthmatics, and 1n 
particular the response of blood lactate as a 'index' of anaerobic 
metabolism, are uncertain. S1lverman and Anderson (1972b) and 
Barbor1ak et al !1973) claimed that the blood lact1c ac1d accumulation 
was greater for asthmatics compared to non-asthmatics, and speculated 
that th1s may be a factor wh1ch IS assoc1ated w1th tr1gger1ng the 
asthma. In the present study, although the blood lactate concentrat1on 
• for the asthmatics was Significantly higher at the same absolute work 
. 
load, there was no difference between the ~roups when compared at the 
same relat1ve exerc1se 1ntens1ty (75% V02 max)·. Indeed the 
differences 1n the blood lactate at the same absolute runn1ng speed 
can be associated w1th the lower VOz max of the asthmatic group and 
not the asthma per-se. Thus, fa1lure of the early workers to compare 
the blood lactate concentrations of asthmatiCS and non-asthmatiCS at 
the same relat1ve exerc1se 1ntens1ty has led to erroneous speculations 
about blood lactate be1ng a possible tr1gger factor associated With 
EIA. The h1gher blood lactate concentrations observed at the same 
absolute running speed 1n th1s and prev1ous studies, IS a reflect1on 
of the lower level of VOz max of the asthmatics compared to the 
non-asthmatics. 
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4.5 Summary. 
The V02 max and VE max values for the asthmatic group were 
J 
stat1st1cally lower compared to the non-asthmatiC group w1th a similar 
level of hab1tual activ1ty. S1gn1f1cant relationships of the FEV, 
percent predicted w1th V02 max and Ve max, suggest that the sever1ty 
of the pre-exercl se obstruct! on w11l adverse! y affect the maXImal 
phys1olog1cal responses to exerc1se. 
The oxygen uptake and ventilation rate at a g1ven submax1mal 
runn1ng speed were not s1gnif1cantly different for the asthmatic group 
compared to the non-asthmatic group. However, blood lactate 
concentrations were s1gn1f1cantly h1gher at the same runn1ng speed for 
the non-asthmatics, although this the asthmatics compared to 
difference disappeared when the blood lactate concentrations were 
compared at the same relat1ve exercise 1ntens1ty. In contrast, the 
ventilatory equivalent, the oxygen extraction from 1nsp1red air and 
' 
the removal of carbon d1ox1de 1nto exp1red a1r were all Slgnlflcantly 
poorer for the asthmat1cs compared to the non-asthmatics, both at the 
same absolute and relative work loads. Thus the asthmatic exercises 
under 1mpa1red ventilatory conditions • 
• 
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CHAPTER 5 
THE PHYSIOLOGICAL CHARACTERISTICS OF ASTHMATIC ENDURANCE RUNNERS. 
5.1 Introduct1on. 
Long distance runn1ng 1s an aerob1c act1v1ty requ1r1ng an adequate 
supply of oxygen for the work1ng muscles. The asthmat1c may be at a 
d1sadvantage to compete 1n endurance runn1ng when compared to the 
non-asthmatlc, for two ma1n reasons. 
F1rstly, the a1rflow obstruct1on assoc1ated with the asthma may 
pose llmlts on the vo2 max. The preVlOUS chapter has shown that in 
untra1ned asthmat1cs, espec1ally w1th 1ncreas1ngly severe asthma, the 
V02 max may be 1mpa1red at the vent1latory level. In add1t1on, 
phys1cal tra1n1ng may lead to the max1mum vent1lat1on becoming the 
rate l1m1t1ng step 1n determ1n1ng V02 max 1n non-asthmat1cs (Dempsey 
1986). Thus the effects of a1rflow obstruction and a well tra1ned 
state may enhance the lim1tat1on of the ventilation rate on V02 max 1n 
well tra1ned asthmat1cs. 
Secondly, for a number of reasons d1stance running is more likely 
to provoke EIA than other forms of exercise. Endurance running 
Involves prolonged hyperventilation, often In cold air, conditions 
which are known to provoke the asthma (Strauss et al 1977). In 
addit1on, actiVlty of a cont1nuous nature IS more likely to provoke 
• 
asthma than act1v1ty of an Interm1ttent nature <Morton et al 1982). 
For these reasons endurance running is not cons1dered the most 
su1table act1vity for the asthmat1c. 
Nevertheless, asthmatics do part1cipate successfully 1n endurance 
runn1ng at an el1te level (Fitch 1975bl, and at a 'recreat1onal' level 
(London Marathon stat1st1csl. There have been no studies, however, 
that evaluate the physiological response to exercise or the race 
performances of well trained asthmat1c runners. Previously It has been 
demonstrated that mild airway obstruction does not prevent the 
successful completion of a marathon with appropriate training, but 1n 
this study by Mahler et al (1981b) only one subject gave a history of 
prev1ous asthma. A further study of a group of 39 top class Itallan 
athletes identified as having bronchial asthma, none were found to be 
engaged In endurance runmng <Todaro et al 1984l. There Is therefore a 
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need to exam1ne the phys1olog1cal responses to max1mum and submax1mal 
treadm1ll exerc1se in a group of asthmat1c long d1stance runners. 
Many factors have been shown to 1nfluence success 1n distance 
runn1ng 1n non-asthmat1c athletes, for example V02 max (Foster, 
Dan1els and Yarborough 19771, the percentage ut1l1sat1on of V02 max 
<Dav1es and Thompson 19791, plasma lactate accummulat1on <Farrell et 
al 1979; W1ll1ams and Nute 1983) and running economy (Conley and 
Krahenbuhl 1980). Whether these phys1olog1cal parameters have s1milar 
relat1onsh1ps w1th endurance rac1ng performance for the asthmat1c 
athlete 1s unknown, and thus w1ll also be evaluated. 
Although VOz max 1s a good 1nd1cator of the maximum physiolog1cal 
responses to exerc1se, the ab1lity to undertake prolonged exerc1se 
should be dehned 1ndependently of th1s parameter. "Endurance fitness" 
must 1nclude an exam1nat1on of the percentage of VOz max that can be 
susta1ned for a prolonged per1od. In th1s study performance data from 
recent races of asthmat1c athletes w1ll be evaluated 1n relat1on to 
the phys1olog1cal responses obtained dur1ng treadm1ll runn1ng. 
There were two main a1ms of this study. The first was to exam1ne 
the physiological responses of a group of asthmat1c endurance runn1ng 
tra1ned athletes to max1mum and submax1mal treadm1ll exerc1se. The 
results were compared to those of the untrained asthmat1cs prev1ously 
descnbed 1n Chapter 4. The second a1m was to exam1ne the "endurance 
f1tness" of the asthmatic athletes by evaluating their performance 
over a half-marathon 1n relation to the1r laboratory data. 
5.2 Methods. 
5.2.1 SubJects. 
An advertisement was placed 1n the runmng magaZlne "Athletics 
Weekly" asklng for asthmatic endurance runners to contact the 
department. ,Numerous repl1es were rece1ved and to each reply a 
quest1onna1re was sent, to obta1n 1nformat1on about the1r asthmat1c 
and athlet1c h1story. The quest1ons concern1ng the asthma obta1ned 
1nformat1on on the durat1on of the1r asthma; known prec1p1tating 
factors to the asthma <1.e. exerc1se, dust, animals, pollen or 
others>; and the1r daily and pre-exerc1se asthmat1c medicat1on. From 
the questions concermng the athletic hi story, the weel:l y m1l eage, 
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performance t1mes for the half-marathon and full marathon, and details 
of most recent races, were obtatned for each athlete. 
· Stxty eight asthmahc athletes <57 males) returned the 
quest1onna1res. Asthmat1c athletes who on the bas1s of their questtons 
fulhlled the follow1ng cntena, were invited to v1s1t , the 
1 aboratory: 
(a) A htstory of EIA. 
(b) Tak1ng regular asthmat1c medtcation. 
(cl A comm1tment to endurance running, w1th recent performance times 
1n long dtstance races 1.e. half-marathon or marathon. 
S1xteen asthmat1c athletes v1s1ted the laboratory 
sertes of treadmtll runntng tests destgned 
phys1olog1cal and asthmatic responses to exerctse. 
and underwent a 
to assess thetr 
5.2.2 Laboratory Testtng. 
A one day study was carrted out on 
percentage body fat was obtatned 
measurements (Durntn and Wormesley 
haemoglobtn concentratton, hetght, 
medtcation was wttheld for at least b 
each asthmatic athlete. The 
for each athlete from sktnfold 
1974l, 1n addttion to the 
wetght and age. Asthmattc 
hours before arrtval at the 
laboratory. None were on long term bronchodilators. 
The followtng treadmtll tests were completed by each subJect, each 
of whtch are descrtbed more fully 1n the general methods <Chapter 3). 
The treadmtll speeds for these tests were selected according to 
runn1ng abtlity obtatned from performance ttmes. 
' (al SubJects were famihansed to treadmill runmng. Sub.sequently they 
performed the treadmtll test without pre-exerctse medtcatton, to 
assess for EIA. 
(b) After a recovery period, a treadmtll V02 max test modtfied from 
Taylor (1955) was performed. 
<cl After at least a 2 hour rest wtthout food <to ensure that blood 
lactate levels had returned to near baseltnel, each subject performed 
a cont1nuous runn1ng test at four submaxtmal runn1ng speeds 
("speed-lactate test"l. For each athlete, the treadmill speed, V02, 
and Y.V02 max at blood lactate concentrattons of 2mM were obtatned. The 
oxygen uptake at a treadmtll veloctty of 4m.s-• was used as a 
reference speed to assess each indtviduals runn1ng economy. 
Lung functton measurements (sptrometry and PEFRl were made before 
exerctse, w1th and w1thout asthmat1c medtcation, and 10 minutes post 
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exerc1se, for both the V02 max and "speed-lactate" test. The restlng 
pulmonary funct1on values w1thout asthmatic med1cat1on, were expressed 
as a percentage of the pred1cted normal. 
5.2.3 Runn1ng Performance : A Phys1olog1cal Perspect1ve. 
Eleven of the s1xteen asthmatic athletes had recent performance 
t1mes for a compet1tive half-marathon race. An est1mate of the average 
oxygen cost of runn1ng the outdoor half-marathon was obtained from 
each 1nd1v1duals regress1on equat1on descr1b1ng the relationship 
between treadm1ll speed and oxygen uptake, and th1s was then expressed 
1n absolute terms <ml.kg.- 1 mln-•> and as a percentage of each 
1nd1v1duals V02 max. In add1t1on, an est1mate of the vent1lat1on rate 
and percentage of max1mum 
half-marathon 1•as calculated 
test. 
5.2.4 Stat1st1cs. 
venhlation utllised dunng the 
from the submax1mal treadmill running 
The results from these asthmat1c athletes were compared to those 
obta1ned from the 17 untra1ned male asthmatlcs, prev1ously described 
1n Chapter 4. The pooled 't' test was used to compare the 
phys1olog1cal responses of the tra1ned and untrained asthmat1c groups. 
A Pearson product moment correlation was used to ~nalyse the 
relationsh1ps between pert1nent physlological var1ables. 
Pearson product moment correlations between half-marathon 
performance <race pace and est1mate of the 7. VO:z max,util1sedl 1 and 
all pert1nent phys1olog1cal and asthmat1c parameters, were obta1ned to 
determ1ne the phys1olog1cal determ1nants of distance runmng 
performance for th1s group of asthmat1c athletes. To further account 
for the var1at1on 1n performance t1mes and XVO:z max ut1l1sed for the 
half-marathon, mult1ple regress1on analys1s was also employed. 
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5.3 Results 
5.3.1 Physical Character1st1cs. 
The physical characteristics, runn1ng experience and duration of 
asthma for the sixteen male asthmatic athletes are shown 1n Table 5.1. 
The group had a mean age of 35 years, had been runn1ng seriously for 
I - --
n1ne years and were currently train1ng an average of 82,~~lo~etre~ 1 per 
week <50 miles). The asthmatic athletes had a percentage body fat of 
12.2 t 3.8 and a haemoglobin concentration of 15.1 + 0.9 g.dl-•. 
Each athlete had a history of asthma, w1th 12 of the group having had 
symptoms since childhood, and the rema1n1ng 4 hav1ng had a 'late 
onset' of asthma. Each athlete was on regular da1ly and pre-exerc1se 
medication, taking maintenance <Intal, Intal Compound) and I or 
bronchodilator therapy (Ventolin, Berotec, Ex1rel, Bricanyl, Intal 
Compound), with 3 subJects also taking 1nhaled steroid medication 
<Becotide, Beclofortel. 
5.3.2 Pulmonary Function. 
Table 5.2 shows the lung function values of the tra1ned and 
untrained asthmatic groups, obta1ned after the1r asthmatic medication 
had been withheld. The lung function measures, expressed as a 
percentage of pred1cted normal, and the FEV 1 /FVC rat1o, were s1milar. 
There was no significant difference between the lung function of the 
groups. On the basis of abnormalities 1n pulmonary function as 
Indicated by the percent pred1cted FEV 1 l (Cropp and Tanakawa 1977>, 
the sever1ty of asthma of the 16 trained asthmatics was class1f1ed as 
normal in 7, m1ld 1n 5, moderate 1n 1 and marked 1n 3. Again th1s 1s 
s1m1lar to the asthmatic cond1t1ons of the untrained group of 
asthmatics, of which 7 were classified as normal, 8 as m1ld, 1 as 
moderate and 1 as marked. Thus the sever1ty of asthma of the two 
groups was comparable. 
5.3.3 Max1mal Exerc1se. 
Table 5.3 shows the results from the V02 max test for the trained 
and untrained asthmatic groups groups. The mean V02 max of the trained 
group was Significantly higher than the untrained asthmatic group 
(61.8 t 6.3 vs 47.0 t 5.9 ml.kg.-•min-•, p<0.01l. The highest value 
of V02 max obta1ned by one of the asthmatics of 70.9 ml.kg.-•mln-•, is 
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cons1stent w1th the values obta1ned for el1te performers. The max1mum 
ventilat1on rate reached dur1ng the VOz max test for the tra1ned 
asthmatiC group was 20 litres higher (p(0.05) than the untrained 
asthmatic 
raho (R) 
group. Maximum heart rate and max1mum respiratory exchange 
were not Significantly different for the trained and 
untra1ned asthmatic groups. However, for both groups the mean R value 
was below the 1.15 required to confirm that VOz max had been attained 
<Issekutz et al 1962>, w1th IndiVIduals hav1ng very low R values as 
Indicated by the lowest values 1n each group. 
Each subJect took their usual pre-exerc1se medication prior to the 
maximum exercise test. For the group of asthmatic athletes the 
pre-exercise medication Increased the FEV, from 3.42 ~ 0.79 to 3.77 
~ 0.78 litres, an Increase of 10.27.. The FEV, was s1m1lar 10 minutes 
after exerc1se (3.60 + 0.91 1 BTPSl, thus the pre-exercise 
medication had been successful In preventing EIA for the asthmatic 
athletes. 
5.3.4 Submax1mal Exercise. 
The second of the running tests Involved an examination of the 
phys1olog1cal parameters at submax1mal runn1ng speeds of trained and 
untrained asthmatics. The groups were compared at the same relative 
exerc1se 1ntens1ty (757. VOz max), 
Figure 5.1a shows that the oxygen cost of running over a range of 
runn1ng speeds was slightly lower for the trained compared to the 
untrained asthmatics. Due to the lack of a common running speed 
between the two groups, the oxygen uptake at the fourth,runn1ng speed 
In the submax1mal test was expressed as ml.l:g-•.metre-•, to allow 
statistical compar1son between the groups. The trai~ed asthmatic group 
had a Significantly lower oxygen uptake per kilogram of body weight 
> per metre of ground covered compared to the untra1ned asthmatic group 
(0.196 i 0.013 vs 0.214 i 0.021 ml.kg-•.metre-•, p<0.01). Although 
the correlation between running speed and oxygen uptake for each 
asthmatic athlete was almost perfect <ranger = 0.991 to 1.001, the 
lower correlation for the whole group <r = 0.935) ind1cates that there 
was some vanahon in the oxygen uptake wi th1n the asthmatic group. 
Indeed the variation In the running economy, defined here as the 
oxygen uptake at a runn1ng speed of 4 m.s-•, was large ranging from 
40.7 to 53.1 ml.kg.-1 mln-•. Figure 5.1b shows the oxygen uptake 
expressed as a percentage of the VOz max, over the range of running 
109 
speeds. Th1s confirms that any g1ven runn1ng speed represents a much 
lower relative exerc1se Intensity for the trained asthmatics compared 
to the untrained asthmatics. 
Heart rate, although lower at a spec1f1c speed for the tra1ned 
group compared to the untrained group, was not s1gn1f1cantly different 
when compared at a g1ven i.V02 max !Figures 5.2a and 5.2bl. The trained 
asthmatics had a lower blood lactate concentration at a given runn1ng 
speed and even at the same relative exerc1se intensity !F1gures 5.3a 
and 5.3bl. At 757. V02 max, the blood lactate concentration was 
s1gnif1cantly lower for the trained group compared to the untrained 
group (2.00 ~ 0.48 vs 3.51 ~ 0.74 mM, p<0.01l. 
The vent1lat1on rate at specific speeds were lower for the trained 
asthmatics when compared to the untrained asthmatics, whereas at a 
given i.V02 max the trained group had a higher ventilation rate 
(Figures 5.4a and 5.4bl. Due to the lower vent1lat1on rate at a given 
speed, the vent1lat1on rate equivalent to an oxygen uptake of one 
litre per m1nute (ventilatory equ1valentl 1s less for tra1ned 
asthmatics, compared to untrained asthmatics !F1gure 5.5a). However, 
at 757. V02 max, there was no Significant difference between the 
vent1latory equiValent for the trained and the untrained asthmatic 
groups (24.2:!:. 1.9 vs 25.0 ~ 2.6 litres) <Figure 5.5bl. 
The respiratory exchange rat1o was lower for the trained group at 
the same absolute work load !F1gure 5.6al, whereas there was no 
s1gn1f1cant difference when compared at the same relat1ve work load 
!F1gure 5.6b). The, e>:tractlon of oxygen from the 1nsp1red a1r was not 
different for the two groups, as 1nd1cated by the similar i.FE02 at 757. 
V02 max (16.9:!:. 0.5 i. vs 16.8:!:. 0.3 i.l. In add1t1on, there was no 
s1gnif1cant difference 1n the fract1on of carbon diox1de 1n the 
exp1red a1r !i.FEC02l for the untra1ned and trained asthmatics at 757. 
V02 max <3.95:!:. 0.43 i. vs 4.oo :!:. 0.28 i.l. 
As for the max1mum test each subject took the1r usual pre-exercise 
medication pr1or to the submaximal exercise test. For the group of 
asthmatic athletes the pre-exercise med1cat1on increased the FEV, from 
3.68:!:. 0.77 to 3.81:!:. 0.79 litres, an Increase of 3.5?.. The FEV, was 
slightly lower for the asthmatic athletes 10 minutes after exercise 
(3.54:!:. 0.77 1 BTPSl, although the difference from resting 
measurements was not s1gn1f1cant. 
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5.3.5 Exercise-Induced Asthma. 
The results from the non-medicated running test to examine for EIA, 
are g1ven 1n Table 5.4 for the asthmatic athletes. Tak1ng a fall of 
10% 1n FEV. as an 1nd1cator of exer1se-1nduced asthma (Anderson 19831, 
13 out of the 15 athletes tested had EIA, suggesting an incidence of 
EIA among asthmatic athletes of 87%. In the present study three of the 
athletes took a bronchodilator to reverse the EIA provoked by the 
test, before the 20 m1nutes of post-exercise recordings were 
completed. The response of the FEV., after the exercise challenge, IS 
shown 1n F1gure 5.7a for the 12 athletes who d1d not require asthmatic 
med1catlon. 
The severity of EIA, expressed as the largest percentage 
post-exercise fall of FEV. and PEFR from pre-exercise values, was 23.6 
! 12.7% and 22.6! 14.4% respectively. There was a large variation 
1n the sever1ty of EIA which ranged up to a 48.4% fall 1n FEV 1 • The 
phys1olog1cal demands of the test for the group showed that it 
required 79% V02 max, a ventilation rate of 93.1 l.min-• IBTPSl, and a 
heart rate nf 167 beats per minute. There was much variation in the 
physiological responses to the test for individual subJects. However, 
the degree of EIA was not s1gn1f1cantly correlated with the level of 
exerc1se 1ntens1ty ach1eved 1.e. % V02 max (r=-0.1221, ventilation 
rate lr=-0.433) or heart rate lr=-0.324). However, the fall 1n the 
FEV. was moderately correlated w1th the severity of pre-exercise 
a1rway obstruction (percent predicted FEV.) lr=-0. 551, p (0. 05). 
However, 1t IS appreciated that the same absolute fall will be a 
different magn1tude of EIA 1f the pre-exerclse FEV. yalues are very 
different. For example, for two asthmatics who experienced decreases 
in FEV. of 0.44 htres and 0.48 litres, th1s rep'resented markedly 
different percentage decreases 1n FEV 1 from pre-exercise 135.5% and 
11.6%). Indeed, when the absolute fall in FEV 1 was correlated w1th the 
percent predicted FEV. no s1gn1f1cant correlation emerged lr=-0.0111. 
However, as previously mentioned, the normal pre-exerc1se 
medication protected the asthmatic athletes from EIA for the maximal 
and submaximal tests. Figure 5.7b shows the FEV. before and after the 
test performed Without asthmatic medication, compared to the response 
of the FEV. to the maximal and submaximal exerc1se tests when 
pre-exercise asthmatic medication was taken. 
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5.3.6 Relat1onships Between the Phys1olog1cal Characterist1cs. 
The relat1onships between var1ous parameters from the maximal, 
submax1mal, and non-med1cated runn1ng tests for the asthmatic athletes 
are g1ven as a correlat1on matr1x in Table 5.5. The pre-exercise FEV, 
!w1th med1cat1onl expressed as a percent of pred1cted 1 is taken as a 
measure of the rest1ng abnormal1ty 1n lung funct1on. The fall 1n FEV, 
after the runn1ng test w1thout asthmatic medicat1on 1s used as a 
measure of the degree of EIA. The percent predicted FEV, was 
s1gn1f1cantly correlated with V02 max <r=0.518; p<0.05l and w1th 
max1mum vent1lat1on (r=0.694; p<0.01) for the asthmat1c athletes. 
These correlation values are s1m1lar to those obtalned 
untrained asthmat1c group (r=0.502; p<0.05 and r=0.701; 
for the 
p<0.01, 
respect1velyl. Thus, as for the untrained asthmatics, the further the 
FEV, from predicted the lower the V02 max and Vs max. In add1t1on, V02 
max was h1ghly correlated Wlth VE max for the asthmatic athletes 
(r=0.779; p<0.01l, although not so strongly correlated for the 
untra1ned asthmat1c group <r=0.598; p<0.05l. The interrelationshlp 
between VE max, V02 max and percent pred1cted FEV, are shown for the 
asthmat1c athletes 1n F1gures 5.8a, 5.8b and 5.8c. 
Furthermore, the percent pred1cted FEV 1 was negatively correlated 
w1th the 7.V02 max at wh1ch 2mM blood lactate accumulated <r=-0.568; 
p<0.05l !F1gure 5.9). This suggests that the 1nd1v1duals whose FEV, 
was below pred1cted normal (and thus for whom V02 max and Vs max may 
be l1m1tedl 1 could compensate for this by be1ng able to exercise at a 
h1gh 7.V02 max w1th lower blood lactate concentrat1ons. 
5.3.7 Half-Marathon Performance. 
A recent outdoor performance t1me over a half-marathon was 
available for 11 of the asthmatic athletes !Table 5.6). The mean 
half-marathon t1me of 82.36 ± 8.76 m1nutes 1 was cons1stent w1th the 
V02 max !60.0 ± 5.9 ml.kg.-•m•n-•>, of which the group ut1lised an 
est1mated 81.9 ± 4.0 7.V02 max dur1ng the half-marathon. The 
relat1onsh1ps between half-marathon race pace and the ZV02 max 
ut1l1sed, w1th all pertinent phys1olog1cal var1ables are shown 1n 
Table 5.7. 
5.3.8 The Phys1olog1cal Determinants of Half-Marathon Race Pace. 
Race pace correlated s1gn1f1cantly with V02 max <r=0.881 p<0.01l 
!Figure 5.10al. However, the highest correlat1on w1th race pace was 
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wtth the treadmtll runntng speed equivalent to blood lactate 
concentrattons of 2mM <V2mMl <r=0.971; p<O.Oll, tndicattng that 94X of 
the var1at1on 1n half-marathon performance ttmes for the asthmattc 
athletes could be accounted for by differences 1n blood lactate 
accumulatton at submaxtmal running speeds <Ftgure 5.10bl. 
In add1t1on, other factors were important 1n dtsttnguishtng 
between performances over the half-marathon. Runntng economy, deftned 
here as the oxygen uptake requtred to run on the treadmtll at a speed 
of 4 m.s-•, correlated stgntficantly Wtth race pace (r=-0.693 
p<0.05l. In additton, when the runn1ng economy at 4 m.s-• was 
expressed as a XVOz max the correlatton was further 1mproved (r=-0.919 
;p<O.Oll, hence indicat1ng that the fractional use of oxygen at a 
gtven speed taktng 1nto constderation both VOz max and runn1ng 
economy, was tmportant 1n determ1n1ng runn1ng performance over the 
half-marathon. These relationshtps are shown 1n Ftgures 5.11a and 
5.11b. 
The ability to run at a high Y.VOz max did not discrtminate between 
the half-marathon performances 1n this group of asthmatic athletes, as 
Indtcated by the non-significant correlation between XV02 max utilised 
and race pace <r=0.113l <Figure 5.12al. Moreover, the ability to 
utilise a high oxygen uptake regardless of what XVOz max 1t 
represents, seemed to be very Important for performance as tllustrated 
by the highly signiftcant correlation between the estimated average 
oxygen cost of the run and race pace <r=0.924 p<0.01) <Figure 
5.12bl. In addttion, the max1mum venttlation was also significantly 
correlated with race pace (r=0.5BO; p(0.05l. However, as previously 
illustrated with the total group and further highlighted by this 
sub-group of 11, a relationshtp exists between maximum venttlation and 
VOz max <r=0.785 p<0.01l, hence the association "of race pace and 
maxtmum ventilation was not surprising. 
" Multtple regression analysts showed that other factors added to the 
highest -correlatton with performance <V2mMl were unable to explain 
more of the variatton 1n the half-marathon performance times of the 
asthmatic athletes <Table 5.8). 
5.3.9 The Physiological Determtnants of the % V02 max Uttlised during 
the Half-Marathon. 
The fractional use of VOz max by the asthmatic athletes over the 
half-marathon distance varied widely wtthtn the group <range 77X to 
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927. VD2 maxl. The %VD2 max susta1ned 1n the race was pos1t1vely 
correlated w1th the 7.VD2 max at 2mM blood lactate <r=0.817 p<0.01) 
as 1llustrated 1n Figure 5.13a. Thus the ab1lity to sustain a high 
%VD2 max 1s assoc1ated with the abil1ty to supply the energy needs 
more aerob1cally. In addit1on, a h1ghly sign1f1cant negative 
correlat1on of r=-0.800 <p<0.01l between the 7. VD2 max util1sed in the 
half-marathon and the percent pred1cted FEV, <F1gure 5.13b) emerged. 
Hence, subJects w1th low FEV 1 values, were able to run at a high %V02 
max dur1ng the half-marathon. To further support this the percent 
pred1cted FEV, and the %V02 max at a blood lactate concentration of 
2mM were s1gn1f1cantly correlated <r=-0.647, p<0.05l, 1nd1cating those 
subJects w1th low FEV, values accumulated 2mM blood lactate at h1gher 
%V02 max !F1gure 5.13c). 
Mult1ple regress1on ana!ys1s showed that the 677. of the variat1on 
1n the %V02 max ut1lised in the half-marathon accounted for by the 
%V02 max at 2mM blood lactate, could be 1ncreased to 807. when the 
percent predicted FEV, was added <Table 5.8). 
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Table 5.1. The phys1cal characterist1cs, runn1ng experience and 
asthmat1c h1story for the group of endurance tra1ned asthmat1cs. 
mean '!:. SD Range 
Age (yrs) 35.0 :!:. 8.6 22 - 48 
He1ght (m) 1. 76 '!:. 0.06 1.64 - 1.84 
Weight (kg) 66.0 '!:. 4.4 58.4 - 72.5 
Durat1on of Runn1ng (yrs) 9.2 '!:. 7.2 3 - 25 
Runn1ng Tra1n1ng (km/week) 82 '!:. 22 56 - 121 
Durat1on of Asthma <yrs) 25 '!:. 16 2- 46 
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Table 5.2. Lung funct1on measures of trained and untra1ned asthmatic 
males. Values are without med1cat1on and are shown as a percentage of 
predicted normal (mean! SD). 
VC (1 BTPS) 
Actual 
7. Predicted 
FEV, (1 BTPS) 
Actual 
7. Pred1cted 
FEV,/FVC 7. 
Actual 
PEFR <l.mln-1) 
Actual 
• 7. Pred1ded 
Tra1ned 
n=16 
4.82 :!:. 0.83 
94.0 + 16.0 
3.33 + 0.94 
77.5 + 18.2 
68.7 + 13.1 
471 + 122 
75.3 + 19.0 
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Untra1ned 
n=17 
5.06 :!:. 1.02 
91.2 :!:. 15.2 
3.88 :!:. 0.86 
81.4 + 15.0 
77.1 + 12.5 
511 :!:. 77 
85.5 :!:. 13.6 
. 
Table 5.3. The phys1olog1cal character1stics of the tra1ned and 
untra1ned asthmatic males obta1ned in response to the maximum oxygen 
uptake test (mean~ SDI. 
VO,. max (l.mln-1 1 
Range 
vo,. max (ml.kg.- 1 mln- 1 1 
Range 
HR max <b.min-1 1 
Range 
v,. max <l.min- 1 -BTPSI 
Range 
R max (VC02 I VO,.I 
Range 
Tra1ned 
<n=161 
4.07 :!:. 0.43 
3.29- 4.78 
61.8 :!:. 6.3 
50.0 - 70.9 
186 :!:. 11 
168 - 205 
138.7 :!:. 24.7 
93.9 - 181.0 
1.12 :!:. 0.05 
1.05 - 1.22 
Untrained 
<n=171 
3.26 ± 0.53 
2.56- 4.14 
.... 
47.0 ± 5.9 .... 
35.2 - 57.4 
188 ±8 
173 - 203 
117.0 ± 21.9 .. 
74.7- 164.6 
1.13 ± 0.07 
·0.96 - 1.25 
Denotes s1gnificant difference between trained and untrained asthmatic 
groups1 ** p<0.01 1 * p<0.05 
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Table 5.4. The phys1olog1cal resppnses and degree of 
exerc1se-1nduced asthma to the non-med1cated runn1ng test for the 
group of endurance tra1ned asthmat1c runners <n=15). 
mean :!:. SO Range 
Speed <m.s- 1 ) 4.25 :!:. 0.48 3.5 - 5 
49.3 :!:. 6.4 37.5 - 59.2 
79.4 :!:. 6.2 66.5 - 91.2 
V~ (l.mln- 1 - BTPS) 93.1 :!:. 21.0 60.2 - 134.0 
167 :!:. 9 153 - 185 
'l. Fall FEV 1 Post Exerc1se 23.6 + 12.7 7.4 - 48.4 
'l. Fali PEFR Post Exerc1se 22.6 :!:. 14.4 1.6 - ;46.5 
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Table 5.5. The relat1onsh1ps between selected physiolog1cal 
responses obta1ned dur1ng the max1mal 1 submax1mal and non-medicated 
runn1ng tests for the asthmat1c athletes. 
FEV, 7. Degree• V02 max Vor. max V2mM r.vo,. max 
Pred1cted of EIA ml.kg.-•m•n-• l.mln-• m.s-• 2mM 
Degree of EIA 
(7. Fall FEV,l -0.314 
VO:z max 
<ml. kg. -•m•n-• l 0.518* -0.476 
v .. max 
<l.mln-•> 0.694** -0.458 0.779** 
V2mM 
<m. s-• l 0.333 -0.557* 0.712** 0.540* 
7. VO:z max 
(2mMl -0.568* -0.094 -0.019 -0.231 0.426 
vo,. 
(4 m.'s-• l -0.232 0,286 0.143 -0.053 -0.450 -0.052 
S1gn1ficant correlat1ons: ** p<0.01 .. p<0.05 
• Degree of EIA 7. fall 1n FEV 1 post-exercise, from rest1ng FEV,. 
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Table 5.6. Run time and estimated percentages of the V02 max and V~ 
max ut1l1sed, for an outdoor half-marathon for 11 asthmatic runners. 
mean '!:. SD Range 
HALF-MARATHON 
Time lm1nsl 82.36 '!:. 8.76 69.37 - 94.00 
Race Pace <m.s-•) 4.32 '!:. o. 49 3.74- 5.07 
VOz 49.2'!:_4.8 42.4 - 55.8 
i. VDz max Ut1l1sed 81.9 '!:. 4.0 77.0 - 91.5 
99.7 + 13.6 80.9 - 121.5 
i.Vs max Ut1l1sed 76.0 '!:. 7.2 63.5 - 86.2 
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Table 5.7. Pearson product moment correlat1ons between runn1ng speed 
and the estimated %V02 max ut111sed for the outdoor half-marathon, 
with relevant phys1olog1cal responses obta1ned dur1ng treadm1ll 
runmng. 
Parameter 
VO,. max lml.kg.-•mln-'l 
VK max ll.mln-• - BTPSl 
%VE max Util1sed 
V02 14 m. s-• l 
7.V02 (4 m. s-'l 
V2mM (m. s-'l 
V02 12mMl lml. kg. -•mln-• l 
7.V02 12mMl 
V02 Ut1l1sed lml.kg.-•mln-•l 
% FEV, of Pred1cted Normal 
Degree of EIA 
* p<0.05 lr>0.576l 
** p<0.01 lr>0.768l 
Half Marathon 
Race Pace lm.s-•l 
0.881** 
0.580* 
-0.056 
-0.693* 
-0.919** 
0.971** 
0.892** 
0.216 
0.924** 
0.383 
-0.643* 
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%V02 max 
Utllised 
-0.246 
-0.628* 
0.737* 
0.120 
0.259 
0.037 
0.108 
0.817** 
0.226 
-0.800** 
-0.182 
Table 5.8. 
the 
The use of mult1ple correlat1ons of the running speed and 
max ut1l1sed during the outdoor half-marathon, w1th 
phys1olog1cal measurements made dur1ng treadm1ll runn1ng. 
Run Speed 1n Half Marathon 
Van able 
V2mM <m.s-•) 
+ VO:z max (ml. kg. -•mln-1) 
+ VO:z (4m.s-•> <ml.kg.-1 mln-•) 
+ EIA <% fall FEV,> 
:r. V02 max 1n Half Marathon 
Van able 
:r.vo2 "max <2mM> 
+ FEV 1 :r. Predicted 
Multiple r 
0.971 
0.972 
0.975 
0.975 
Mul hp le r 
0.817 
0.89b 
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94.3% 
94.5% 
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F1gures S.la and S.lb. The oxygen uptake [S.IaJ and the 7.VOz max 
[S.IbJ at a range of submax1mal runn1ng speeds, for the untrained and 
trained asthmat1c groups. 
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F1gures 5.2a and 5.2b. The heart rate In relation to running speed 
(5.2a) and 7.V02 max (5.2bl, for the untrained and trained asthmatic 
groups. 
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to runn1ng speed (5.3a) and %V02 max (5.3bl, for the untra1ned and 
trained asthmat1c groups. 
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Figure 5.5b 
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F1gures 5.12a and 5.12b. The relat1onsh1p of the half-marathon 
running speed Wlth the percentage of V02 max (5.12a) and Wlth the 
absolute oxtgen uptake (5.12bl util1sed during the half-marathon, for 
the asthmatic athletes. 
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F1gures 5.13a, 5.13b and 5.13c. The relationship between the Y.V02 
max ut1lised during the half-marathon, the Y.V02 max at 2mM blood 
lactate and the FEV 1 expt~ssed as a percentage of predicted normal, 
for the asthmatic athletes. 
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5.4 Dis~ussion. 
The group of asthmati~ athletes studied were all on regular 
asthmati~ medi~ation 1 were known asthmati~s for several years, and 
were ~urrently Involved 1n enduran~e runn1ng training. Laboratory 
tests supported the medi~al diagnosis of asthma, ~onfirming a degree 
of airflow obstru~tlon <FEV, 77.5 + 18.2 per~ent predi~tedl and 
exer~Ise-Indu~ed asthma 1n 13 out of the 15 athletes tested. To 
evaluate whether the asthmat1~ IS at a disadvantage 1n enduran~e 
running this study evaluated the physiologi~al responses to maximal 
and submaximal exer~Ise of these trained asthmati~s. Their r~sponses 
were compared to the untrained asthmatl~s d1s~ussed in Chapter 4, 
whose severity of asthma was comparable. The enduran~e running 
performan~e over a half-marathon of this group of asthmati~ athletes 
was also evaluated 1n the light of laboratory data. 
5.4.1 Maximal Exer~Ise. 
The mean maximum oxygen uptake for the group of asthmati~ athletes 
of 61.8 + 6.3 ml.kg.-•min-• was s1gmf1~antly h1gher than that 
observed for the untra1ned group of asthmati~s (47.0 ml.kg.-•min-1 ) 1 
and ~onsiderably higher than that observed by other invest1gators 
studylng untra1ned asthmati~ males (lngemann-Hansen et al 19801 
Bundgaard et al 1982bl. The value reported by Todaro et al (1984) for 
el1te asthmati~ athletes, albeit not enduran~e runners of 58.4 ~ 10.7 
ml.kg.- 1 min-• was similar to that observed for the pres~nt group. The 
VD2 max of the group of asthmat1~ athletes ~ompared very favourably 
w1th those of a group of eight non-asthmati~ re~reational runners of 
59.9 ~ 4.6 ml.kg.- 1 min-• (Williams and Nute 1983). Although the mean 
value for the group did not reach the high values for VD2 max of 70 
ml.kg.- 1 min-• reported for groups of elite distance runners (Costill 
1970a1 Costill et al 1970b, Maron et al 1976) 1 there were SIX 
asthmatics who had VD2 max values In excess of 65 ml.kg.-•min-•. 
Therefore, this group of elite and recreational athletes have shown a 
well developed "aerobic capacity" Inspite of their asthma. 
The large range of V02 max (50 to 70 ml.kg.- 1 min-•> within the 
group of asthmati~ athletes was accompanied by a Wide variation in the 
pre-exercise airflow obstru~tion (55.0 to 109.6 percent predicted 
FEV,>. Due to the su~cessful inhibition of EIA by pre-exer~•se 
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med1cat1on for the asthmatic athletes, max1mum exercise d1d not result 
1n an Increase 1n the pre-exerclse a1rflow obstruction. Thus the 
physiological responses to the max1mum test were examined In relation 
to the var1at1on 1n the pre-exerclse pulmonary abnormal1t1es. 
In untrained non-asthmatics, the V02 max is not normally l1m1ted by 
the ventilation rate but more by the capac1ty for oxygen transport and 
the oxygen ut1l1sat1on by the muscle (Dempsey 1986). However, 1t has 
been previously demonstrated 1n Chapter 4 that airflow obstruction may 
1mpa1r the max1mum phys1olog1cal responses to exerc1se of untrained 
asthmatics, leading to a reduced Vs max and as a consequence a reduced 
V02 max. Thus w1th airflow obstruction the ventilation rate may be the 
rate l1m1t1ng step 1n determ1n1ng V02 max. In add1t1on, physical 
tra1n1ng 1n non-asthmatics improves the factors that normally lim1t 
V02 max so that the max1mum ventilation becomes a more rate limiting 
step 1n determ1n1ng V02 max <Dempsey 1986). Therefore with a1rflow 
obstruction and a h1ghly trained state the ventilation rate may become 
more cr1t1cal in dictating V02 max, and thus mer1ts attent1on. 
For th1s group of asthmatic athletes, the sever1ty of the bronchial 
obstruction (percent pred1cted FEV,l correlated positively w1th the 
V02 max and VE max. The correlations were s1m1lar to those reported in 
the untrained asthmatics (Chapter 4). Therefore, those indiVIduals 
w1th more severe a1rflow obstruction, had lower values for the max1mum 
oxygen uptake and maximum ventilation. Th1s observation for asthmatic 
athletes 1s consistent w1th the find1ngs of Sp1ro et al (1975) who 
observed that the exerc1se ventilatory capac1ty IS highly correlated 
w1th the FEV 1 1n pat1ents w1th chronic respiratory di~orders. Hence, 
as w1th untrained asthmatics, more severe bronchial obstruction seems 
to l1m1t the max1mum phys1olog1cal response to 7xerc1se in trained 
asthmatics. These s1gnif1cant correlations are Inconsistent w1th the 
f1nd1ngs of Todaro et al (1984) who observed no s1gn1f1cant 
correlations between lung function measures (FEV,, FVC and FEV,/FVCi.l 
and V02 max and Vs max for a group of asthmatic athletes from a 
var1ety of sports. 
In theory, for reasons discussed above, the maximum vent1lat1on may 
pose greater limits on the vo2 max of trained asthmatics compared to 
untra1ned asthmatics, w1th comparable degrees of a1rflow obstruction. 
W1thout measurements of the oxygen saturat1on, 1t 1s diff1cult to say 
whether the vent1lat1on rate 1s more cr1t1cal in determ1ning V02 max. 
However, the correlation between the V02 max and the Vs max for the 
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asthmatic athletes <r=0.779, p<0.011, IS higher than the same 
correlation obtained for the untrained asthmatics (r=0.598, p<0.05). 
Thus It IS tentatively suggested that the maximum ventilation may be 
playing a more critical role In determining V02 max in well trained 
asthmatics with airflow obstruction, compared to untrained asthmatics 
with a similar level of airflow obstruction. 
5.4.2 Submaximal Exercise. 
In preference to V02 max, submaximal blood lactate concentrations 
are good Indicators of the training status. The blood lactate 
concentrations were significantly lower for the trained asthmatics, 
compared to the untrained asthmatics both at the same speed and at the 
same i.V02 max. This finding is Similar to that observed for 
non-asthmatics dur1ng submax1mal exerc1se, with tra1ned 1nd1viduals 
having lower blood lactate levels than untra1ned 1nd1V1duals at the 
same speed <Holloszy 1973) and at the same relative work load 
!W1lhams et al 1967, Salt1n and Karlsson 1971). Thus the asthmatl c 
athletes have shown a s1m1lar adaptation to training as 
non-asthmatl cs. The lower blood lactate of the tra1ned group would 
mean that aerob1c metabol1sm could cover a greater proportion of the 
energy needs of the working muscle. 
For the group of asthmat1c athletes the sever1ty of airflow 
obstruct1on (percent predicted FEV,) was negat1vely correlated w1th 
the 7.V02 max at wh1ch a blood lactate concentrat1on of 2mM accumulated 
<r=-0.568, p<0.05). Thus the asthmat1c athletes in whom the a1rflow 
obstruct1on was most severe, and 1n whom V02 max may as,a consequence 
be lmpaired, have developed the1r submax1mal fitness by being able to 
exerc1se at a h1gh 7.V02 max with low blood lactate' concentrat1ons. 
This 1s an adaptat1on to endurance runn1ng tra1ning 1n a group whose 
vo2 max may be llmlted by alrflow obstructlon. 
The tra1ned asthmatics have a s1gmflcantly lower oxygen uptake 
when expressed as ml.kg.-•metre-•, compared to the untra1ned 
asthmah cs. The a1 rf 1 ow obstruct! on 1 s Sl m1l ar for the asthmah c and 
non-asthmatlc groups and thus 1t 1s unlikely that d1fferences in the 
oxygen cost of breath1ng could account for th1s. It 1s suggested that 
tra1n1ng has 1mproved the running economy of the asthmat1c athletes. 
Th1s 1s cons1stent w1th the findings of studies of non-asthmatics 
which have shown that tra1ned runners requ1re less oxygen at a g1ven 
submaximal run1ng speed compared to untra1ned subjects (Bransford and 
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Howley 1977 1 Mayhew et al 1979>. The lower oxygen demands of tra1ned 
athletes has been attr1buted to an 1ncreased running effic1ency 
assoc1ated w1th years of endurance runn1ng tra1n1ng !Mayhew 1977). 
Although blood lactate concentrations were reduced at a g1ven %V02 
max for the tra1ned asthmat1cs compared to the untra1ned group, no 
d1fference could be found between untra1ned and tra1ned asthmatics for 
var1ous other phys1olog1cal parameters at a g1ven i.V02 max dur1ng 
submax1mal runn1ng. It has been prev1ously observed that untra1ned 
asthmat1cs had a s1gn1f1cantly poorer ventilatory equivalent, a 
reduced extraction of oxygen from 1nsp1red a1r and a lower ability to 
expel carbon d1ox1de at the same %V02 max compared to untrained 
non-asthmat1cs !Chapter 4). For these parameters, the trained and 
untra1ned asthmat1cs showed no s1gn1f1cant difference 1nd1cat1ng that 
these factors may be 1nherent 1n the phys1ology of the asthmat1c, and 
may not be 1mproved by tra1n1ng. 
Therefore, th1s tra1ned asthmat1c 
f1tness as def1ned by vo2 max and 
group showed a good aerob1c 
submaximal blood lactate 
concentrat1ons 1 despite having bronch1al obstruct1on and EIA. 
Endurance fitness, however, 1s def1ned as the ab1l1ty to sustain a 
h1gh i.V02 max over a prolonged per1od. Therefore, the race performance 
over a half-marathon for the asthmatic athletes, was exam1ned. 
5.4. 3 Endurance Runmng Performance 
The recent performance tlmes from races over the half-marathon 
d1stance for eleven of the asthmatic athletes ware analysed 1n 
relat1on to the1r phys1olog1cal responses obta1ned from,the laboratory 
tests. The just1 flcatlon allow1ng the estlmatlon of the oxygen cost of 
outdoor runn1ng from treadmill data, 1s based on the work of McM1ken 
and Dan1els (1976>, who found a good correlat1on between the oxygen 
uptake of track and treadm1ll running over a w1de range of runn1ng 
speeds. However, 1t must be apprec1ated that the value for the %VDz 
max ut1l1sed dur1ng the half-marathon, g1ves an average, and that 
uph1ll and downh1ll sech ons may demand an oxygen uptake greater and 
lower than the average for the race !Maron et al 1976). 
The average half-marathon time for the sub-group of eleven 
asthmat1cs w1th recent race performance t1mes (82.36 t 8.76 min) are 
cons1stent with what would be expected from the V02 max of the group 
(60.0 ± 5.9 ml.kg.-•m1n-•>. The percentage of V02 max util1sed during 
the half-marathon for the asthmat1c athletes, est1mated from treadm1ll 
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data, was 81.9 + 4.0 7.. This 1s s1m1lar to that ut1lised by 
non-asthmatic recreational runners during races of s1m1lar lengths of 
79 'l.V02 max observed by W1ll1ams and Nute (1983) and Farrell et al 
(1979). Therefore, the asthmatiC group were able to sustain a high 
'l.V02 max over a prolonged per1od, suggesting that asthma does not 
preclude the development "endurance fitness". It 1s concluded that 
m1ld to moderate asthmatics us1ng pre-exercise asthmatic medication 
can become prof1c1ent performers in long distance races with 
appropriate tra1ning. 
5.4.4 The Phys1olog1al Determinants of Endurance Running Performance. 
For the asthmatic athletes the wide range of half-marathon times 
<69 to 94 m1nutesl was comparable to the large range of V02 max values 
(50.0 to 70.9 ml.kg.- 1 mln-•>. In the present study the V02 max values 
correlated strongly w1th race pace <r=0.881l, which agrees w1th the 
work of var1ous investigators studying sim1lar groups of non-asthmatic 
recreat1onal runners performing the half-marathon !Will1ams and Nute 
1983), and 19.3km <Farrell et al 1979). Hence a h1gh V02 max IS 
. 
required to run at a fast pace for the half-marathon. Although the 
fractional use of V02 max var1ed Widely dur1ng the half-marathon 
<77.07. to 91.57.>, 1t seemed not to be Important 1n determ1n1ng the') 
differences 1n performance w1th1n the asthmatic group <r=0.113, nsl, 
agree1ng w1th the f1nd1ngs in non-asthmatic runners <Farrell et al/ 
1979, Will1ams and Nute 1983). Although the fract1onal use of V02 max 
over the half-marathon was not useful as a discr1m1nator of 
' performance, 1t IS st1ll biologically Important. Indeed 1 With a more 
homogeneous population 1n terms of 
fractional utilisation of vo2 max 
d1scr1m1nator of performance. 
V02 max, it 1s likely that the 
would be a · more Important 
The relat1onsh1p between 
pace With the half-marathon 
(r=0.924l. Th1s 1nd1cates 
the absolute oxygen ut1l1sat1on at race 
runn1ng speed was highly sign1f1cant 
that for both asthmatic and non-asthmatic 
(Farrell et al 1979) athletes, performance over the half-marathon is 
related to the ab1l1ty to ma1nta1n a large oxygen consumption 
regardless of what 'l.V02 max it represents. This relationship is 
obtained because of the l1near relationship between oxygen uptake and 
run m ng speed. 
Runn1ng economy, defined here as the oxygen consumption for a 
submax1mal treadm1ll veloc1ty of 4m.s-•, showed a range of 8 
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ml.kg.-•min-• for the asthmatiC athletes. ThiS range was larger than 
that shown by Williams and Nute (1983) of 5.5 ml.kg.- 1 min-•, and less 
than that shown by SJodin and Schele (1982) of 15 ml.kg-•min-•. 
Whether this range of running economies, for the asthmatic athletes, 
are random or have any 
examined. For the 
relevance 
group of 
to running performance 
asthmatic athletes, race 
has been 
pace was 
moderately and negatively correlated With running economy at 4 m.s-• 
(r=-0.693:p<0.05l, indicating that the fastest runners utilised the 
least oxygen at 4 m.s-•. This observation suggests that running 
economy plays a part in distingUiShing between performance over the 
half-marathon for the asthmatic athletes. ThiS observation 1s 
consistent With studies of non-asthmatic runners (Farrell et al 1979, 
Conley and Krahenbuhl 1980). The correlation With half-marathon 
performance iS further improved to r=-0.919 (p<0.01) if the oxygen 
uptake at a speed of 4m.s-• iS expressed at a percentage of VD2 max. 
Therefore, the fractional use of VDz max at a set running speed giVes 
a better indication of performance than does VD2 max or running 
economy alone, as was observed by Costill et al (1973). 
Although VD2 max and running economy are both important 
' . 
determinants of endurance running performance, it has been proposed by 
Daniels et al (1978) that the metaboliC parameters measured during 
submaximal exercise are better indicators of endurance exerCiSe 
capac1ty. For example, submaximal lactate accumulation has been 
proposed as a measure of submaximal fitness (Sjodin and Schele 1982). 
Indeed, for this group of asthmatic athletes, the highest single 
< 
correlate With the half-marathon race pace was Wit~ the treadmill 
velocity equivalent to a blood lactate concentart1on of 2mM (V2mMl, 
accounting for over 94X of the differences in performance. This agrees 
With several investigations on non-asthmatic athletes, which have 
observed that the running speed at which blood lactate increases above 
resting levels correlates best With endurance running performance over 
a wide range of distances (Farrell et al 1979, Kumagai et al 1982, 
SJodin and Schele 1982, W1ll1ams and Nute 1983). It appears, 
therefore, that runners set a pace that iS h1ghly correlated to the 
accumulation of blood lactate. 
The add1t1on of other variables to V2mM fa1led to s1gn1ficantly 
raise the multiple regress1on correlation coefficient. This is 
cons1stent Wlth the work of Farrell et al (1979) who showed that other 
parameters added to the treadmill veloc1ty at 4mM blood lactate, 
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fa1led to account for 
non-asthmatl c runners. 
correlat1ons w1th race 
more var1at1on 1n performance t1mes of 
Therefore, asthmat1cs have shown s1m1lar 
performance and vanous phys1olog1cal 
parameters as non-asthmatic runners. 
5.4.5 The Phys1olog1cal Determ1nants of the i.VDz max Util1sed. 
In th1s study the ab1lity to run at a h1gh i.V02 max could not 
d1scr1m1nate between half-marathon performances. However, endurance 
t1tness has recently been defined as the ability to sustain a h1gh 
percentage of VDz max, and hence the fract1onal use of V02 max dur1ng 
the half-marathon merits further invest1gat1on. In the present study, 
the range of the i.V02 max susta1ned over the half-marathon var1ed 
widely from 77.07. to 91.57. VDz max. Th1s wide variation 1n the i.VDz 
max susta1ned was not random but could be assoc1ated w1th the ab1lity 
to prov1de the energy needs by aerob1c metabol1sm 1 as 1ndicated by the 
correlat1on between the i.V02 max utilised and the i.V02 max at a blood 
lactate concentrat1on of 2mM (r=0.817:p<0.01). Thus the h1gher the 
i.V02 max at 2mM blood lactate concentrat1on, the h1gher i.VDz max 
susta1ned dur1ng prolonged exerc1se. Th1s study supports the f1nd1ngs 
observed w1th non-asthmat1cs that the i.VDz max susta1ned over a 
prolonged per1od 1s largely dependent on the capac1ty of the muscle to 
cover the1r energy needs by aerob1c metabol1sm <Williams and Nute 
1983). 
In add1t1on 1 the percent predicted FEV, was negatively correlated 
w1th the abil1ty to susta1n a h1gh i.VDz max (r=-0.800,p<0.01l. 
Therefore, those athletes w1th a low FEV, 1n relation to pred1cted 
normal, were able to susta1n a h1gh i.VDz max. As previously 1nd1cated 1 
a poor FEV. may l1m1t the max1mum phys1olog1cal par~meters, and hence 
to counteract th1s l1m1tat1on these subjects have developed their 
"endurance f1tness" to be able to uhlise a h1gher i.VDz max dunng 
prolonged runn1ng. Th1s 1s further supported by the s1gnificant 
correlat1on between the percent pred1cted FEV1 w1th the i.VDz max at a 
runn1ng speed equ1valent to a concentrat1on of blood lactate 
concentration of 2mM. Thus, w1th appropr1ate tra1n1ng 1 asthmat1c 
athletes with severe a1rflow obstruct1on are able to develop a h1gher 
degree of "endurance fl tness" 1 as indicated by the ab1li ty to sustain 
a h1gh i.VDz max, when compared to asthmat1c athletes w1th near normal 
lung funct1on. This adaptation 1s s1m1lar 1 though not as extreme, to 
the tra1n1ng adaptat1ons reported by Coyle et al (1983) show1ng that 
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cardiac pat1ents w1th lim1tat1ons on the1r V02 max were able to 
exerc>se at 1ntens1t1es close to V02 max with low blood lactate 
concentrati ens. 
5.5 Summary. 
M1ld to moderate asthma does not grossly 1mpair the ab1l1ty to 
develop good aerob1c f1tness w1th appropriate tra1ning, as illustrated 
by measurements of V02 max and blood lactate accumulat1on at 
submax1mal runn1ng speeds. However, with 1ncreas1ng severity of a1rway 
obstruct1on, the VE max and thus the V02 max may be ~dversely 
affected. 
Asthmat1cs 1 who have undergone appropr1ate tra1ning, can complete 
d1stance runn1ng events such as the half-marathon. Moreover, the 
performance hmes and the %V02 max uh 1 i sed during the half-marathon 
would suggest that asthmat1cs can compete successfully and susta1n a 
s1milar %V02 max over the d1stance, compared to non-asthmahc 
athletes. Asthma, therefore, does not preclude the development of a 
h>gh degree of "endurance fl tness". 
The race pace over the half-marathon for the asthmatic athletes was 
most h1ghly correlated to the accumulat1on of blood lactate at 
submax1mal runn1ng speeds, wh1ch agrees w1th similar published reports 
for non-asthmatl cs. The fractional use of VOa max over the 
half-marathon was most strongly assoc1ated with the ab1l1ty to supply 
• the energy needs by aerob1c metabol1sm I%V02 max at ~ blood lactate 
concentrat1on of 2mMl, Asthmatlc athletes with more severe airflow 
obstruct> on, adapt to the poss1ble l1m1tations on' V02 max by be1ng 
able to sustain a h1gher %V02 max over the half-marathon compared to 
asthmat1cs w1th near normal lung funct1on. 
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CHAPTER 6 
THE RESPONSE OF ASTHMATIC AND NON-ASTHMATIC ATHLETES TO A 
TREADMILL HALF-MARATHON. 
6.1 Introduction. 
The prev1ous chapter demonstrated that asthma does not preclude the 
successful completion of a half-marathon and thus the development of a 
h1gh degree of endurance fitness. Endurance running, however, IS a 
sport l1kely to provoke exerc1se-1nduced asthma because it InVolves 
prolonged hypervent1lat1on often 1n cold conditions CStrauss et al 
1977). Desp1te the number of asthmatics engaged 1n endurance runn1ng, 
the phys1olog1cal responses to and safety of asthmatics dur1ng and 
after prolonged runn1ng has not been documented. 
Pre-exerclse medication has been shown to 1nh1b1t or m1n1mise EIA 
1n the maJority of asthmatics CF1tch 1986) 1 although the effectiveness 
of the drugs have been evaluated only dur1ng short-term exercise. 
Whether pre-exerc1se med1cat1on can prov1de protection from asthma for 
very prolonged exerc1se 1 such as running a half-marathon, is not 
known. In addit1on 1 the cl1n1cal observation that asthmatiCS can "run 
through" their asthma CFitch and Godfrey 1976> IS 1nterest1ng and can 
be 1nvest1gated by examining the response of the asthmatic to an 
extended treadm1ll run. 
Although the performance from outdoor distance .races can be 
Interpreted 1n the light of the physiological responses obtained 
during treadmill runn1ng as in the prev1ous chapter, th1s approach 
y1elds l1m1ted 1nformat1on. It IS technically difficult to measure the 
phys1olog1cal responses 1n an outdoor race. Endurance 'rac1ng' 
cond1t1ons were therefore Simulated on a treadm1ll 1 enabling a 
comparison of the phys1olog1cal responses of groups of asthmatic and 
non-asthmatic athletes to a half-marathon. The half-marathon distance 
was selected because this IS a 
asthmatic group had recent outdoor 
compare w1th the treadmill race. 
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frequently run distance, and the 
performance t1mes available to 
6.2 Methods. 
6.2.1 SubJects. 
From the 1n1t1al 16 male asthmatic athletes tested for fitness and 
1nd1ces of asthma 1n the laboratory (Chapter 5), s1x volunteered to 
run a half-marathon on the treadmill. This sub-group of 6 asthmatic 
athletes were similar the total group 1n terms of V02 max (59.1 ~ 5.4 
vs 61.8 ~ 6.3 ml.kg.-•mln-•>; sever1ty of EIA <26.3! 12.1 vs 23.6 
+ 12.7 7. fall FEV 1 l; and basel1ne airflow obstruction before 
pre-exerclse med1cat1on (71.3 + 20.1 vs 77.5 + 18.2 percent 
predicted FEV.>. S1x non-asthmatics were matched as closely as 
possible to these asthmat1cs, 1n terms of runn1ng exper1ence and age. 
6.2.2 Baseline Laboratory Test1ng. 
All subJects performed 3 preliminary treadm1ll running tests, to 
determine VOz max; ili~ relat1onsh1p between blood lactic ac1d and 
runn1ng speed; and the degree of exercise-induced asthma. The 
methodology for these tests IS as described in the General Methods 
<Chapter 3). 
6.2.3 Treadmill Half-Marathon. 
On the day of the half-marathon t1me trial each subject arrived at 
the laboratory 1n a fasted state. After prel1m1nary measurements, each 
athlete raced half-marathon on the treadmill (13.11 miles 1.e. 21.1 
kilometres). The treadmill was 1nstrumented so that the subJect could 
control the1r own speeds, w1th the cho1ce of speed along w1th the 
distance run be1ng cont1nuously mon1tored by a ~omputer interfaced 
with the treadmill. The following protocol was employed: 
(a) Pre-exerc1se lung funct1on measurements were made <FVC, FEV. and 
PEFRl. These recordings were made before and after the1r normal 
pre-exercise medication for the asthmatic group. 
(b) W1th the subJect seated the following samples were taken: 
(I) A 5 m1nute rest1ng sample of expired a1r. 
<iil Capillary blood from the thumb for the determination of blood 
lactate and blood glucose concentrations. 
!111l A 10 ml venous blood sample from an antecubital ve1n for the 
determ1nat1on of the haematocrit, haemoglob1n, catecholam1nes 
(adrenaline and noradrenal1nel, plasma free fatty ac1ds and plasma 
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glycerol concentrations. 
(c) As a warm-up the subJect performed 5 m1nutes running at a speed 
selected to el1c1t 60% V02 max. 
(d) Us1ng a hand held sw1tch to alter the speed of the treadmill, each 
subJect 'raced' the half-marathon. Knowledge of runn1ng pace, t1me 
elapsed and d1stance covered was available throughout the run, from a 
computer screen. 
(e) Water and a sponge for external cool1ng purposes were available. 
The volume of water consumed and the amb1ent temperature and hum1d1ty 
were recorded throughout the half-marathon. 
(f) A senes of measurements were made at 1.5km,4km,Bkm, 12km, 16km and 
20km dur1ng the run as follows: 
(I) One m1nute collections of exp1red a1r were made 1nto Douglas 
bags. 
!11l Dupl1cate 25 ul cap1llary blood samples from the thumb for 
blood lactate and glucose concentrations. 
!111l FEV 1 was recorded whilst runn1ng as the best of two trials. 
<ivl Breathing frequency. 
<vl Heart rate was recorded throughout the half-marathon and 
displayed continuously on an oscilloscope. 
(g) On completion of the half-marathon, capillary blood from the thumb 
and a 10 ml venous blood sample from an antecubital ve1n, were 
obta1ned. Us1ng the haemoglobin and haematocrit values obtained 
before and after the half-marathon, the percentage change in the 
plasma volume was calculated, us1ng the methods described by D1ll and 
• Costi 11 (1974). 
(h) After the half-marathon the FEV 1 and PEFR were measured at 5 
m1nute Intervals for 20 m1nutes. 
(ll Body we1ght was obtained both before and after the run. 
In add1t1on to pre-exerclse med1cat1on, each subJect was free to 
take asthmatic med1cat1on dur1ng the run and at the end of the run, as 
requ1red. 
One of the SIX asthmatiC subjects performed two treadmill 
half-marathon t1me tr1als us1ng d1fferent pre-exerclse asthmatic 
med1cat1ons. The protocol was 1dent1cal to that described above for 
each treadmill half-marathon. 
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6.2.4 Stat1stics. 
A pooled 't' test was used to compare the 
asthmat1c and non-asthmatlc groups, to the prel1m1nary 
responses of the 
tests and to 
the half-marathon. The pa1red 't' test was used to exam1ne any changes 
1n the various phys1olog1cal parameters recorded before, dur1ng and 
after the treadmill half-marathon of each group separately. The 
Pearson product moment correlat1on was used to examine the cho1ce of 
running speed by exam1ning the relationshlps between a variety of 
phys1olog1cal responses' measu!ed_'at 4km. To analyse for changes from 
4km to 20km, trend analys1s <Page 1963) was performed on the 
physiolog1cal responses to the half-marathon for the asthmat1c and 
non-asthmatic groups separately. 
b. 3 Results. 
6.3.1 Phys1ological Characterist1cs. 
The phys1olog1cal'charactenstlcs of age, he1ght, we1ght and V02 max 
------
were not s1gnificantly d1fferent for the asthmat1c and non-asthmatic 
athletes who performed the treadm1ll half-marathon (Table 6,1), The 
runn1ng speed and Y.VOz max at reference blood lactate concentrations 
of 2mM and 4mM from the submax1mal runn1ng test, are shown 1n Table 
6.2. There was no s1gn1ficant difference between the speed and Y.V02 
max at these reference blood lactate concentrat1ons, for the asthmat1c 
and non-asthmatic groups. Moreover, selected phys1ological 
characterist1cs at a runn1ng speed of 4 m.s-• were not different for 
the trained asthmat1c and non-asthmatlc groups <Table 6.3>. 
Table 6.4 gives the indivldual results of the exercise challenge 
without asthmat1c medicat1on, wh1ch shows a 26.3% fall in FEV 1 for the 
asthmat1c runners, whereas only a 0.2% change for the non-asthmatlc 
group. The FEV,, FVC and FEV,/FVCY. obta1ned before the half-marathon 
prior to tak1ng asthmat1c medication are shown 1n absolute terms and 
as a percent of pred1cted for both the asthmatic and non-asthmatic 
groups <Table 6.5), The FEV 1 percent predicted and the FEV 1 /FVCY. were 
s1gm ficantl y lower for the asthmatic group when compared to the 
non-asthmatic group. 
Each asthmatic had a history of asthma wh1ch was present 1n 
childhood, and all were on da1ly med1cat1on. The asthmatic history of 
the runners, along with the da1ly medication, and med1cation taken 
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before and dur1ng the half-marathon are shown in Table 6.6. A variety 
of med1catlons were taken before exerc1se but each asthmatic took at 
least one bronchodilator. Sod1um cromoglycate <Intal or Intal Co.l was 
taken before exerc1se by 3 of the asthmatic athletes. Four of the 
asthmatics requ1red med1cat1on dur1ng the half-marathon and took 
salbutamol !Ventol1nl, whereas the other two asthmatics did not 
requ1re extra med1cat1on dur1ng the half-marathon, 
6.3.2 Treadmill Half-Marathon Performance. 
The t1mes for the treadmill half-marathon and recent performance 
t1mes 1n an outdoor half-marathon race, are shown for the asthmatic 
and non-asthmatic athletes in Table 6.7. There was no significant 
difference between the time taken to run the treadm1ll and outdoor 
half-marathons for the asthmatic group. An average of the %V02 max 
utlhsed throughout the run was calculated from the expired air 
collections dur1ng the half-marathon. The t1me taken to run the 
half-marathon and the 7.V02 max ut1l1sed were not s1gn1f1cantly 
different for the asthmatic and non-asthmatic groups. 
6.3.3 Laboratory Conditions for the Treadmill Half-Marathon. 
Table 6.8 shows that the laboratory conditions of temperature and 
hum1d1ty were not s1gn1f1cantly different between the groups but 
varied ,w1del y from tnal to tnal. The flu1d Intake, the changes in 
body we1ght and changes in plasma volume, were not Significantly 
d1fferent between the groups. The percentage changes 1n body we1ght 
were' modest, w1th an average decrease of 2.57. and 2.7% for the 
asthmatic and non-asthmatic groups respectively, representing a mean 
change 1n body weight for the 12 runners of 2.6 :t 0~2 kg. The fluid 
(water) 1ntake dur1ng the half-marathon varied widely rang1ng from 0 
to 306 ml with a mean for the whole group of 99 :t 93 ml. In addition, 
the changes 1n plasma volume, calculated us1ng haemoglobin and 
haematocrit values, ranged from +2.7 to -7.7 7. w1th a total mean 
response of -1.8 ~ 2.8 7. for the 12 athletes. 
6.3.4 Lung Function Responses to the Half-Marathon. 
Each asthmatic athlete took the1r preferred pre-exerc1se medication 
prior to the half-marathon <Table 6.6l, wh1ch slightly Increased the 
mean FEV. from 3.45 :t 0.76 to 3.59 :t 0.82 l1tres !4.1% Increase), 
Tables 6.9 and 6.10 g1ve the values for the FEV. during and after 
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the treadm1ll half-marathon for both the asthmatic and non-asthmatlc 
groups. F1gure 6.1 shows the percent changes from pre-exerc1se values 
of the FEV, during and after the half-marathon for the asthmatic and 
non-asthmat1c groups. Although the asthmat1c group, showed a decrease 
1n FEV, dur1ng and after the half-marathon, the changes from the 
rest1ng values were not s1gn1f1cantly d1fferent. This is due to the 
large var1at1on 1n the responses w1thin the asthmat1c group. Four 
asthmat1cs d1d not exper1ence sign1ficant asthma 1n response to the 
-~---,---
1 llalf-:mara_thol_l_, CF1gure 6.2a), whereas two asthmatics (4 and 5) 
exper1enced had marked changes 1n the FEV, both dur1ng and after the 
half-marathon CF1gure 6.2bl. The non-asthmatic group exper1enced a 
s1gn1f1cantly lower FEV, during the half-marathon compared to 
pre-exerc1se values, but the mean post-exerc1se values were not 
s1gn1f1cantly d1fferent to the pre-exerc1se response. 
After the 20 m1nute post-exercise recordings of the FEV, the two 
asthmat1cs who exper1enced marked bronchoconstrict1on took 200ug of 
salbutamol (Ventohnl from an 1nhaler and them the FEV, was recorded 
after 15 m1nutes. Asthmat1c number 4 had a pre-exerc1se FEV, of 3.65 
l1tres, wh1ch dropped to 2.83 l1tres 20 m1nutes after the 
half-marathon and was only sl1ghtly reversed to 2.90 l1tres after the 
1nhalat1on of salbutamol. S1m1larly, asthmat1c number 5 had a resting 
FEV, of 2.93 l1tres, wh1ch had dropped to 2.42 l1tres after 20 m1nutes 
of recovery and was only 2.60 l1tres after the adm1nistrat1on of the 
bronchodilator. 
6.3.5 Metabol1c Responses to the Half-Marathon. 
The blood lactate concentrat1ons dur1ng the half-marathon are shown 
1n Table 6.11, show1ng a var1ed response between. subJects. The mean 
values of the blood lactate concentrat1ons for the asthmat1c and 
non-asthmatic groups were not s1gni f1cantl y d1 fferent <Figure 6. 3a). 
L1kew1se the blood glucose concentrations shown 1n Table 6.12 for each 
subJect, 1nd1cate a large var1at1on 1n the responses. No athlete 
exper1enced hypoglycaem1a, def1ned as a blood glucose concentrat1on of 
less than 2.5mM. Two non-asthmat1cs, however, did have a reduction 1n 
the1r blood glucose concentrat1ons at the end of the half-marathon. 
The mean response for the blood glucose concentrations of the 
asthmat1c and non-asthmatlc groups are illustrated 1n F1gure 6.3b. 
Although there were no s1gnif1cant difference between the blood 
glucose values for the groups, the asthmat1c group showed h1gher blood 
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glu~ose ~on~entrat1ons throughout the run. This was ma1nly due to the 
greater r1se 1n blood glu~ose of two of the asthmat1~ runners. 
The ~ate~holam1ne (noradrenaline <NAl and adrenal1ne (ADll 
responses to the half-marathon for the asthmat1~ <n=6l and 
non-asthmatl~ <n=4l groups are shown 1n F1gure 6.4a and 6.4b. For the 
asthmat1~ group, NA and AD showed a h1ghly s1gnificant 1n~rease from 
pre-exer~lse values, representing 10 fold and 7 fold ~hanges 
respe~t1vely. The non-asthmatlc group showed a s1m1lar response but 
due to the large 1ntra-group var1at1on, only the NA showed a 
s1gnifi~ant ~hange. In add1t1on 1 there was no signif1~ant difference 
between groups for the pre-exercise, post-exer~1se and ~hanges 1n 
e1ther NA or AD. The 1nd1v1dual values for NA and AD are shown 1n 
Table 6.13, show1ng the var1ed response. There were no major 
d1fferen~es 1n the response of NA and AD for the asthmat1~s who d1d 
and d1d not bron~ho~onstr1~t. 
The asthmat1c and non-asthmatl~ groups showed a s1gn1f1~ant 
1ncrease in FFA and plasma gly~erol conc~ntrat1ons, with no 
s1gn1f1cant d1fferen~e 1n the magn1tude of the response between groups 
!F1gures 6.5a and 6.5bl, although the var1at1on 1n the response 
between subjects was large (Table 6.141. 
6.3.6 The Card1o-Resp1ratory Responses to the Half-Marathon. 
The mean values for various card1o-resp1ratory responses to the 
half-marathon, together w1th trends over t1me 1 are shown 1n Tables 
6.15 and 6.16 for the asthmat1c and non-asthmatlc groups. Running 
speed was sllghtly but not sign1f1cantly h1gher for the asthmat1~s 
throughout the half-marathon, but there was no d1fferen~e between the 
groups 1n terms of the 7.V02 max ut1l1sed (Fig. 6.61. 'Heart rate was 
s1gn1f1cantly lower at 12km and 16km for the asthmat1cs ~ompared to 
the non-asthmat1cs <Fig. 6.7al, although there was no d1fference when 
expressed as a per~entage of the max1mum heart rate. Trend analys1s 
showed a s1gn1f1cant increase 1n heart rate <p<0.001l for both groups 
over the half-marathon. Vent1lat1on rate was lower, though not 
s1gnif1cantly so, for the asthmat1c group throughout the half-marathon 
<Fig. 6.7bl and showed an upward trend for both the asthmat1cs 
(p(0.001l and non-asthmati~s (p(0.05l. The lower vent1lation rate of 
the asthmat1c group was ac~ompan1ed by a lower (but not s1gn1f1~antl 
breath1ng frequency, rather than any d1fferen~e 1n tidal volume !F1gs. 
6.8a and 6.Bbl. No d1fference 1n the ventilatory equ1valent between 
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the groups was ev1dent <F1g. 6.9a). Nor was there any d1fferenc:e 
between the groups 1n the metabollsm of fat and c:arbohydrate, as 
1llustrated by the s1m1lar resp1ratory exc:hange rat1o <R> !F1g. 6.9bl. 
Both groups showed a trend towards a lowenng of the R values 
throughout the half-marathon, 1ndic:at1ng an 1nc:reased metabol1sm of 
fat Wl th hme. 
6.3.7 The Phys1olog1c:al Exam1nat1on of the Cho1c:e of Running Speed. 
To examine the c:hoic:e of running pac:e, the relationshlps between 
IndiVldual values for selec:ted physiolog1c:al parameters at a distanc:e 
of 4km 1nto the run, were c:orrelated with the pre-exerc:Ise medic:ated 
lung func:tion values. It was envisaged that eac:h subJec:t should have 
their [ 
---
-
selec:ted preferred'running pac:e by the ttme 4km had been 
-- ------
c:ompleted. The FEV, perc:ent predic:ted and the FEV1 /FVC'l., were 
c:orrelated Wlth relevant physiologlc:al parameters for both the 
asthmat1c: and non-asthmatic: groLtps <Table 6.17). For the asthmatic: 
group the physiolog1c:al parameters at 4km were s1gnific:antly 
c:orrelated with the FEV 1 /FVC'l. but not With FEV 1 perc:ent predic:ted. A 
low FEV,/FVC'l. was Slgnific:antly assoc:Iated with a low breathing 
frequenc:y and good ventilatory equ1valent. In addition, the FEV,/FVC'l. 
was signific:antly and negatively c:orrelated with tidal volume. In 
addltion the poorer the pre-exerc:Ise air-flow obstruc:tion, the higher 
the ~ p~~~entag~~j of 
half-marathon. The 
relahonsh1ps. 
V02 max and 
non-asthmatic: 
V,. max uhllsed dunng 
show 
the 
suc:h group did not 
6.3.8 Two Half-Marathons by one Asthmatic: Using Different 
Pre-Exerc:Ise Medic:ations. 
One of the asthmatic: runners (4), who ex pen enc:ed marked 
bronc:hospasm during and after the half-marathon, elec:ted to rac:e a 
sec:ond half-marathon using a different c:ombination of pre-exerc:Ise 
I -used 
med1c:at1ons whic:h he sometimesAto prevent EIA 1n long distanc:e rac:es. 
The first half-marathon <Run 1) was performed using sod1um 
c:romoglyc:ate <Intal) and salbutamol !Ventol1nl pre-exerc:1se. The 
sec:ond half-marathon <Run 2) was performed us1ng aminophylline 
!Phylloc:ont1nl 1n addition to the pre-exerc:Ise treatment taken in Run 
1. The asthmatic: took three 225 mg slow-release Phyll onc:onti n 
c:apsules, one the night before the half-marathon, one on waking and 
one pre-exerc:lse. Th1s dos1ng reg1me had previously been adopted by 
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th1s asthmat1c pr1or to long d1stance races. Table 6.18 shows the 
results from the two half-marathons. The performance t1mes for the two 
runs were s1m1lar, be1ng run 1n 85.48 minutes and 87.52 m1nutes, 
ut1l1s1ng an average of 75.6Y. and 74.0Y. V02 max, respect1vely. 
The response of the FEV1 under the two e>:penmental condl tlons 1s 
shown 1n F1gure 6.10 1nd1cat1ng that th1s asthmat1c exper1enced his 
asthma dunng both runs, but at a much later stage 1n run 2. The 
seventy of the EIA was greater 1n run 2 w1th a 58.1% max1mum fall 1n 
FEV1 compared to 33.7/. 1n run 1. After run 1 the FEV1 started to 
recover 1mmed1atel y, but the FEV. continued to fall 1n the 
post-exerclse per1od after run 2. The FEV1 stayed low, desp1te tak1ng 
salbutamol dur1ng the half-marathon, and in addit1on the FEV. did not 
recover 1mmed1ately desp1te further salbutamol after exercise. For 
example, after run 1 the FEV1 rose from 2.83 to 2.90 litres 15 m1nutes 
after the 1nhalat1on of 200ug salbutamol. Furthermore, after run 2 the 
FEV. rose from 1.76 to 2.04 l1tres 15 m1nutes after the same dose of 
bronchod1lator, wh1ch was st1ll much lower than the pre-exerclse FEV1 
of 3. 41 11 tres. The FEV. one and a half hours after the end of run 2 
w1th many extra doses of the bronchodilator 1nhaler, however, was 
elevated above the resting value (3.55 litres). 
The runn1ng speed and oxygen uptake throughout the two 
half-marathons, are shown 1n F1gure 6.11a and 6.11b. The runn1ng 
speed and the oxygen uptake were reduced when the EIA 1ncreased 1n 
severity 1n both half-marathons. The heart rate was much higher 1n run 
2 With am1nophylline desp1te the sl1ghtly slower runn1ng speed <Figure 
6.12al. Indeed, the heart-rate was higher than the max1mum heart-rate 
recorded 1n response to the max1mum oxygen uptake test <183 
beats.mln-1) for a substantial part of run 2 (4km to the end of the 
half-marathon). In contrast, the minute ventilation' was Slmilar for 
the two runs <F1gure 6.12bl. Figures 6.13a and 6.13b shows the 
breathing frequency and t1dal volume for the two runs. With the onset 
of the asthma hdal volume was much reduced, mth breathing frequency 
slightly elevated despite a reduct1on 1n minute vent1lat1on. The 
vent1latory equ1valent was not different for the two runs <F1gure 
6.14al, whereas the oxygen pulse was lower on run 2 with am1nophyll1ne 
<F1gure 6. 14bl. 
F1gures 6.15a and 6.15b shows the responses of the blood lactate 
and blood glucose concentrat1ons dur1ng the two runs. Blood glucose 
was lower for run 2 with am1nophyll1ne compared to run 1, whereas 
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blood lactate was not cons1stently d1fferent. In addlt1on, the 
response of the catecholam1nes (adrenaline and noradrenal1nel dur1ng 
run were very much greater when compared to the response of run 2 
w1th am1nophyll1ne. In add1t1on the change from pre-exerc1se values 1n 
the plasma concentrat1ons of FFA and glycerol after the half-marathon 
were much lower for run 1 compared to run 2 <Table 6.181. 
The laboratory cond1t1ons were somewhat d1fferent, be1ng warmer and 
less hum1d for run 2. Regardless of these differences in env1ronmental 
cond1t1ons, the we1ght losses and changes 1n plasma volume were not 
markedly d1fferent after the two runs for th1s subject <Table 6.18). 
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Table 6.1. The phys1olog1cal characterist1cs of the male asthmatic 
and non-asthmatlc treadm1ll half-marathon runners, 
response to the max1mum oxygen uptake test. 
He1ght We1ght HR max 
obtained in 
V,. max Age 
<yrl <m> (kgl <ml.l:g.-•mn-•> (b.mn -•> O.mln-•-BTPSl 
Asthmatics 
1 31 1.80 65.9 60.6 188 151.5 
2 44 1.84 66.7 61.1 201 133.8 
3 36 1. 79 72.2 66.2 177 157.8 
4 48 1.67 63.95 59.9 183 144.5 
5 44 1. 77 65.85 50.0 171 99.3 
6 41 1. 72 58.9 56.7 178 93.9 
mean 40.7 1. 77 65.6 59.1 183 130.1 
:!: so 6.2 0.06 4.3 5.4 11 27.3 
Non-Asthmatl cs 
1 31 1.82 75.9 54.0 183 160.5 
2 34 1. 78 69.9 57.2 187 144.5 
3 33 1.69 65.75 61.6 186 132.2 
4 30 1.90 72.4 65.3 179 147.2 
5 46 1.65 54.2 62.0 188 122.4 
6 44 1.71 74.2 53.6 184 134.3 
mean 36.3 1. 76 68.7 58.9 185 140.2 
:!: so 6.9 0.09 8.0 4.7 3 13.4 
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Table 6.2. The runn1ng speed and 7.V02 max at 2mM and 4mM blood 
lactate concentrat1ons, for the asthmat1c and non-asthmatlC treadmill 
half-marathon runners. 
V2mM (m. s-•) V4mM (m. s-•) 7.VDz max 2mM 7.VDz max 4mM 
Asthmatics 
1 4.08 4.5 79.1 89.2 
2 3.80 4.26 75.4 85.7' 
3 4.66 5.24 76.7 85.9 
4 3.86 4.52 71.6 83.5 
5 3.44 3.93 78.3 89.6 
6 4.14 4.61 84.5 94.2 
mean 4.00 4.51 77.6 88.0 
:!;.SD 0.41 0.43 4.3 3.8 
Non-Asthmatlcs 
1 3.62 4.16 77.1 88.4 
2 3.50 4.05 67.7 80.8 
3 4.47 4.71 80.0 86.0 
4 4.61 5.22 76.9 92.3 
5 4.01 4.57 69.8 82.4 
6 3.61 3.95 71.9 81.3 
mean 3.97 4.44 73.9 85.2 
:!;.SO 0.48 0.48 4.8 4.6 
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Table 6.3. A compar1son of phys1olog1cal responses for the asthmatic 
and non-asthmatic treadmill half-marathon runners, at a reference 
runn1ng speed of 4 m.s-• (mean + SOl. 
VOz (m!. kg, -•min-•) 
Asthmatics 
<n=6l 
45.8 + 1.8 
~ V02 max 78.1 t. 8.5 
VC02 (ml.kg.- 1 mln-•) 44.0 t. 3.5 
Vent1lat1on (l.min-1 -BTPSl 86.9 t. 9.5 
Heart Rate (b.mln-•> 159 t. 12 
Respiratory Exchange Rat1o 0.96 t. 0.06 
Vent1latory Equivalent 23.9 + 1.7 
~ FEOz 16.8 t. 0,3 
~ FECDz 4.07 t 0,29 
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Non-Asthmatlcs 
(n=6l 
43.2 ± 3.1 
74.1 ± 10.6 
44.1 ± 6.1 
89.7 ±21.6 
160 + 13 
1.02 ± o.o8 
24.6 + 2.7 
- r 
16.8 ± 0.4 
4.18 ±·0.28 
Table 6.4. The phys1ological responses and changes 1n the FEV 1 for 
the test performed w1thout asthmat1c medicat1on, for asthmat1c and 
non-asthmatic treadm1ll half-marathon runners. 
Speed V02 i.V02 max Ve: BTPS HR Pre Post i. Change 
m.s-• ml.kg-•mln-• l.mln-• b.min-•FEV, FEV, FEV, 
Asthmatics 
1 4.25 49.3 81.4 106.1 166 4.30 2.65 -38.4 
2 4.0 46.9 76.8 85.0 165 2.70 I. 74 -35.6 
3 5.0 56.9 85.9 115.0 165 3.28 2.50 -23.8 
4 4.25 46.9 78.3 95.1 175 3.13 2.63 -16.0 
5 3.5 37.5 75.1 60.2 153 1.24 0.80 -35.5 
6 4.50 51.7 91.2 7b.6 163 2.15 1.96 -8.8 
mean 4.25 48.2 81.4 89.7 1b4 2.80 2.05 -26.3 
!. SD 0.50 6.4 20.0 6.1 7 1.04 0.72 12.1 
Non-Asthmah cs 
1 4.0 45.7 84.6 125.4 162 4.80 4.78 -0.4 
2 4.25 49.6 86.7 121.6 175 4.65 4.68 0.7 
3 4.5 49.4 80.2 89.6 168 3. 79 3.76 -0.8 
4 5.25 59.9 91.8 129.0 169 6.05 5.79 -4.3 
5 4.75 55.4 89.4 105.6 156 2.75 2.86 4.0 
mean 4.55 52.0 86.5 11'1.2 166 4.41 4.37 -0.2 
'!:. SD 0.48 5.6 4.5 16.4 7 1.23 1.11 3.0 
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Table 6. 5. Lung functlon values pnor to the treadmill half-marathon 
for the asthmatics (without medication) and the non-asthmatics. 
<Actual and percent predicted shown). 
VC (1-BTPSl FEV, <1-BTPSl FEVa/VCY. 
Actual 7. Pred. Actual 7. Pred. Actual 
Asthmatics 
1 4.95 89.4 4.52 97.0 91.3 
2 5.07 92.7 3.27 74.3 64.5 
3 6.20 117.0 3.85 87.5 62.1 
4 5.43 129.9 3.81 114.4 70.2 
5 4.85 97.0 2.74 68.5 56.5 
6 4.75 100.6 2.48 64.4 52.2 
mean 5.21 104.4 3.45 84.4 .. 66.1 .. 
±. SD 0.54 15.7 0.76 19.1 13.8 
Non-Asthmab cs 
1 5.49 95.8 4.86 100.8 88.5 
2 5.29 99.8 4.68 105.6 88.5 
3 5.08 107.2 4.06 102.0 88.5 
4 7.12 113.6 5.91 113.4 83.0 
5 3.98 95.7 3.00 89.6 75.4 
6 5.19 113.6 4.13 112.2 79.6 
mean 5.36 104.3 4.44 103.9 83.9 
:t:.SD 1. 01 8.3 0.97 8.7 5.5 
* p(0.05: Denotes significant difference between asthmatics and 
non-asthmatics. 
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Table 6.6. The asthmat1c h1story and medication taken before and 
dur1ng the treadm1ll half-marathon for the asthmat1c athletes. 
Age Yrs of Dally Medication for Half Marathon 
(yrl Asthma Med1catlon Before During lm1nsl 
I 31 30 Becotide/Berotec Berotec 
2 44 39 Becot1de/Ventol1n Ventolin Ventolln (8, 19) 
3 36 34 Ventolln Ventolln Ventolin (38) 
4 48 46 Becloforte/Intal Intal Ventolin (58,66,76) 
Ventolln Ventolin 
5 44 40 Becotl dellntal Co. Intal eo. Ventolin (18,43,62,77) 
Ventohn Ventolin 
6 41 40 Intal Co. Intal Co. 
mean 41 38 
::!;,SD 6 6 
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Table 6.7. Half-marathon t1mes ltreadm1ll and outdoor) and the 
average runn1ng speed, and i.V02 max ut1l1sed dur1ng the treadmill 
half-marathon, for the asthmatlc and non-asthmatlc athletes. 
Treadm11l Outdoor Speed Average 
lm1nl lm1nl (m. s-•) i.V02 max 
Asthmatics 
1 87.60 86.78 4.01 71.9 
2 82.23 87.35 4.28 79.3 
3 71.25 69.42 4.94 79.1 
4 85.48 84.00 4.11 78.2 
5 98.68 94.00 3.56 82.5 
6 80.53 78.87 4.37 84.0 
mean 84.30 83.40 4.21 79.2 
:!:.SD 9.03 8.43 0.45 4.2 
Non-Asthmatics 
1 91.63 3.84 83.7 
• 2 101.02 3.48 76.2 
3 83.72 4.20 71.7 
4 74.52 4.72 82.0 
5 77.52 4.54 84.9 
6 97.12 3.62 76.3 
mean 87.59 4.07 79.2 
:!:.SD 10.7 0.50 5.2 
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Table b.8. Laboratory cond1t1ons, fluid 1ntake, and changes 1n body 
we1ght and plasma volume for the asthmat1c and non-asthmatlc groups 
during the treadm1ll half-marathon. 
Asthmatics Non-Asthmabcs 
mean + SD Range mean ±. SD Range 
Temperature 
oc 18. 1 t. 2.0 15.4 - 20.5 lb.b ±. 1.9 13.4 - 18.9 
Hum1d1ty 
% 60.5 ±. 7. 1 53 - 73 b4.2 ±. 12.5 48 - 83 
We1ght (kg) 
Pre 65.7 :!:. 4.9 58.5 - 72.4 69.2 ±. 8.7 53.4 - 7b.4 
Post 64.1 ±. 4. 7 57.2 - 70.4 67.4 ±. 8.4 52.1 - 74.5 
% Change -2.5 t. 0.2 -2.3 - -2.8 -2.7 ±. 0.2 -2.3- -3.1 
Haemoglobin (g.dl-l) 
Pre 15.8 :!:. 0.9 14.6 - 17.3 14.9 :!:. 0.9 13.3 - 15.8 
Post 15.9 '!:. 0.9 14.7- 17.0 15.3 :!:. 1.0 13.6 - 16.5 
Haematocnt (%) 
Pre 45.8 :!:. 2.0 43.0 - 48.5 43.8 + 2.7 40.5 - 48 
Post 46.4 t. 2. 8 42.5 - 49.5 43.1 :!:. 2.7 39.3 - 47 
Plasma Volume 
% Change -2.2 :!:. 3.4 -7.7- 2.7 -1.2 ±. 2.0 -2.9 - 1.8 
FlUld Intake 
<mU 93 :!:. 91 0 - 222 lOb ±. 103 28 - 30b 
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Table 6.9. The FEV, recorded pre-exerc1se (with med1cationl, and 
during the treadm1ll half-marathon, for the asthmatic and 
non-asthmat1c athletes (lltres). 
Distance in Half-Marathon 
REST W-Up 1.5Km 4Km 8Km 12Km 16Km 20Km 
Asthmatlcs 
1 4.55 4.37 4.30 4.37 4.29 4.13 3.86 3.83 
2 3.58 3.53 3.42 3.47 3.27 3.48 3.44 3.41 
3 4.41 4.28 4.22 4.19 4.31 4.32 4.17 4.35 
4 3.65 3.73 3.59 3.57 3.49 2.98 2.42 2.42 
5 2.93 3.16 3.10 2.82 2.77 2.55 2.55 2.49 
6 2.43 2.44 2.57 2.63 2.64 2.51 2.63 2.60 
mean 3.59 3.59 3.53 3.51 3.46 3.33 3.18 3.18 
:!;SD 0.82 0.72 0.66 0.70 0.72 0.78 0.75 o.8o 
Non-Asthmatics 
• 
1 4.86 4.84 4.69 4.82 4.65 4.42 4 • .08 4.10 
2 4.68 4.35 4.01 3.92 3.84 3.94 4.10 3.79 
3 4.06 3.81 3.72 3.86 3.97 4.00 '3.86 3.45 
4 5.91 5.57 5.60 5.57 5.49 5.62 5.50 5.16 
5 3.00 3.02 2.97 3.03 3.03 3.03 3.05 3.12 
6 4.13 3.78 3.80 3.67 3.77 3.69 3.97 3.92 
mean 4.44 4.23* 4.13* 4.15 4.13 4.12* 4.09* 3.92* 
;tSD 0.97 0.90 0.91 0.90 0.85 0.87 0.79 0.70 
* p<0.05 Denotes s1gn1f1cant d1fference from pre-exerc1se values. 
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Table 6.10. The FEV1 recorded for 20 m1nutes after the treadmill 
half-marathon for the asthmat1c and non-asthmatlc athletes. 
Time Post-Exerc1se 
Pre Ex. 10 min 15 min 20m1n 
Asthmatlcs 
1 4.55 4.31 4.28 4.28 4.37 
2 3.58 3.37 3.42 3.41 3.44 
3 4.40 4.21 4.22 4.22 4.35 
4 3.65 2.66 2.72 2.65 2.83 
5 2.93 2.05 2.00 2.26 2.42 
6 2.43 2.32 2.40 2.42 2.58 
mean 3.59 3.15 3.17 3.21 3.33 
:!;.SD 0.82 0.97 0.96 0.90 0.87 
Non-Asthmatl cs 
1 4.86 4.60 4.58 4.59 4.72 
2 4.68 4.50 4.45 4.64 4.71 
3 4.06 3.71 3.91 4.05 3.88 
4 5.91 6.03 6.07 5.90 5.91 
5 3.00 3.21 3.20 3.13 3.16 
6 4.13 4.15 4.06 4.11 4.10 
mean 4.44 4.37 4.38 4.40 4.41 
:!;.SD 0.97 0.97 0.96 0.91 0.94 
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Table 6.11. Blood lac:tate c:onc:entration [mM] during the treadm1ll 
half-marathon for the asthmatic: and non-asthmatic: runners. 
D1stanc:e 1n Half-Marathon 
Rest 1.5km 4km 8km 12km 16km 20km End Trend 
Asthmatl c:s 
1 1.05 2.91 2.52 2.64 1 1.66 8.11 7.40 7.40 
2 0.78 3.29 3.85 4.15 4.79 7.22 6.30 3.92 
3 0.74 3.17 4.29 5.94 4.76 3.80 6.83 4.96 
4 0.81 3.44 4.01 4.78 5.50 4.20 4.41 5.24 
5 1.04 2.88 3.20 3.32 2.84 3. 71 2.50 2.16 
6 0.79 3.25 4.86 3.25 3.06 2.70 2.89 3.00 
mean 0.87 3.16 3.79 4.01 3.77 4.96 5.06 4.45 ns 
:!: SD 0.14 0.22 0.83 1.21 1.47 2.17 2.09 1.86 
Non-Asthmatl c:s 
1 1.14 4.52 4.34 7.03 5.88 4.21 3. 99. 4.05 
2 0.47 5.51 7.31 6.14 4.67 2.17 3.50 2.81 
3 0.78 1.19 1.80 1.48 3.04 3.04 2.64 1.96 
4 0.84 2.60 1. 97 1.84 2.66 2.74 3.11 3.03 
5 0.97 4.95 5.29 5.87 6.02 6.35 6.83 8.34 
6 0.47 2.19 2.28 2.82 3.94 3.89 7.15 6.14 
mean 0.78 3.49 3.83 4.20 4.37 3.73 4.54 4.39 ns 
:!: SD 0.27 1. 73 2.21 2.43 1.41 1.48 1.95 2.41 
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Table 6. 12. Blood glucose concentration (mM> during the treadmill 
half-marathon for the asthmatic and non-asthmatic runners. 
D1stance in Half-Marathon 
Rest 1.5km 4km 8km 12km 16km 20km End Trend 
Asthmatics 
1 4.72 4.27 4.20 4.65 3.69 3.92 5.18 5.18 
2 4.15 4.70 5.39 5.31 5.06 4.91 3.68 5.77 
3 4.21 5.17 6.50 9.27 10.60 9.76 6.98 7.55 
4 4.71 5.59 6.86 9.03 10.38 11.48 10.04 9.85 
5 5.38 5.11 5.45 6,01 5.89 5.59 5.22 5.27 
6 4.68 5.38 6.53 6.81 7.04 5.54 4.08 4.23 
mean 4.64 5.04 5.82 6.85 7.11 6,87 5.86 6.31 ns 
:!:. SD 0.44 0.48 1.00 1.92 2.84 3.02 2.35 2.05 
Non-Asthmatl cs 
1 4.08 4.04 3.72 4.09 3.95 3.38 2.82 2.87 
. 
2 4.43 5.42 6.48 6.33 3.92 2.57 2.90 3,31 
3 5.12 . 5.17 5.84 6.28 7.32 7.46 6'.37 5.95 
4 
0 
3.89 4.25 4.87 4.31 4.09 4.19 4.21 4.29 
5 C) 5.09 5.42 6.09 7.19 8.19 8,52 8.30 8.19 
6 4.07 4.33 4.37 4.29 4.37 4.31 4.22 4.32 
mean 4.45 4.77 5.23 5.42 5.31 5.07 4.80 4.82 ns 
:!:. SD 0.54 0.63 1.08 1.34 1.92 2.37 2.14 1.96 
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Table 6.13. The noradrenaline and adrenaline concentrations before 
and after the treadmill half-marathon, for the asthmatic and the 
non-asthmatic runners. 
NA NA AD AD 
Pre Post Change Pre Post Change 
(nmol.l-•) (nmol.l -•) 
Asthmatics 
1 3.08 35.33 32.25 0.49 4.03 3.54 
2 2.39 15.48 13.09 0.54 2.71 2.17 
3 2.14 23.68 21.54 0.45 3.50 3.05 
4 1.52 33.80 32.28 1.26 6.95 5.69 
5 1. 61 19.19 17.58 0.41 3.47 3.06 
6 4.52 31.89 27.37 0.28 3.62 3.34 
mean 2.54 26.56*** 24.02 0.57 4.05*** 3.48 
:!:.SD 1.12 8.28 7.93 0.35 1.49 1.18 
Non-Asthmah cs 
1 3.14 12.63 9.49 0.57 11.35 10.78 
3 2.88 28.93 26.05 0.45 1.35 0.90 
4 2.19 22.52 20.33 0.97 3.27 2.30 
6 2.14 37.44 35.30 0.24 3.83 3.59 
mean 2.59 25.38* 22.79 0.56 4.95 4.39 
:!:.SD 0.50 10.50 10.80 0.31 4.40 4.40 
S1gn1ficant difference between pre and post values: * p<0.05 
...... p(0.001 
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Table 6.14. The plasma free fatty ac1d and plasma glycerol 
concentrat1ons before and after the treadmill half marathon, for the 
asthmat1c and the non-asthmatic runners. 
FFA tmMl Glycerol 
Pre Post Change Pre Post 
Asthmatics 
1 0.27 1.05 0.78 0.06 0.36 
2 0.16 0.89 0.73 0.06 0.37 
3 0.22 0.62 0.40 0.06 0.55 
4 0.37 0.46 0.09 0.08 0.36 
5 0.15 0.54 0.39 0.05 0.28 
6 0.18 0.39 0.21 0.06 0.18 
mean 0.23 0.66* 0.43 0.06 0.35** 
:!;.SD 0.08 0.26 0.28 0.01 0.12 
Non-Asthmatl cs 
1 0.22 0.91 0.69 0.05 0.37 
3 0.32 0.49 0.17 0.07 0~43 
4 0.30 0.58 0.29 0.07 ~ 0.35 
5 0.31 1.16 0.95 0.09 . 0.43 
6 0.10 0.57 0.47 0.04 0.51 
mean 0.25 0.74* 0.49 0.06 0.42*** 
:!:.SD 0.09 0.29 0.29 0.02 0.06 
S1gn1f1cant d1fference pre and post half-marathon: " p<0.05 
** p<0.01 
...... p<0.001 
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tmMl 
Change 
0.30 
0.31 
0.49 
0.28 
0.23 
0.12 
0.29 
0.12 
0.32 
0.36 
0.29 
0.35 
0.47 
0.36 
0.07 
Table 6. 15. The speed, oxygen uptake, 7.VO:z max, heart rate and 
resp1ratory exchange ratio dur1ng the treadmill half-marathon for the 
asthmatic and non-asthmatlc groups (mean :!: SDI. 
D1stance in Half-Marathon 
Rest W-Up 1.5km 4km 8km 12km 16km 20km Trend 
Speed (m. s-• l 
Asth X 3.04 4.26 4.25 4.26 4.19 4.17 4.21 ns 
±.SD 0.25 0.49 0.49 0.51 0.46 0.42 0.59 
Non-Asth x 3.17 4.13 4.16 4.12 4.13 4.08 3.98 ns 
±.SO 0.20 0.41 0.40 0.42 0.48 0.54 0.58 
VO:z <ml.kg.- 1 mln-1l 
Asth X 2.75 31.6 45.9 46.0 46.6 47.0 46.4 48.4 ns 
±.SD 0.59 2.5 4.5 5.2 4.8 4.3 2.5 4.9 
Non-Asth x 2.82 33.3 46.0 47.3 46.6 47.0 46.8 46.4 ns 
:!:SD 0.37 3.4 5.0 5.4 4.8 5.3 6.4 6.9 
:r.vo,. max 
Asth )( 4.73 53.6 77.7 77.9 78.97 79.7 78.9 81.9 ns 
±.SD 1.17 3.7 5.1 6.8 6.4 4.8 5.9 3.7 
Non-Asth x 4.79 56.8 78.1 80.4 79.0 79.6 79.3 78.4 ns 
±.SD 0.56 7.8 7.2 7.7 5.0 5.4 6.9 7.2 
Heart Rate (b.mln-1) 
Asth X 119 157 163 165 168 171 174 ...... ' 
±.SD 14 10 10 8 6 4 8 
Non-Asth x 134 165 171 176 178 178 177 ...... ' 
. ±.SD 6 8 9 9 7 5 9 
Respiratory Exchange Ratio <Rl 
Asth X 0.940 0.912 0.992 0.980 0.973 0.963' 0.943 0.965 .. d 
±.SD 0.04 0.03 0.04 0.04 0.04 o.os 0.06 0.04 
Non-Asth x 0.905 0.931 0.996 0.992 0.978 0.971 0.948 0.936 ......... cl 
±.SD 0.05 0.04 0.05 0.04 0.03 0.04 0.04 0.05 
Page trend analys1s1 * p<O. 05, ...... p(0.001 
l : increase, d : decrease. 
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Table 6.16. The vent11at1on rate, breath:ng frequency, tidal volume 
and vent1latory equ:valent dur1ng the treadmill half-marathon for the 
asthmat:c and non-asthmat1c groups. 
DlStance :n Half-Marathon 
Rest W-Up 1.5Km 4Km 8Km 12Km 16Km 20Km Trend 
Vf!!. <l.m:n-• - BTPSl 
Asth X 10.5 59.7 89.5 93.3 95.1 97.0 96.1 106.5 ...... ' 
+ SD 1. 4 6.5 9.8 10.4 13.3 13.4 12.4 21.3 
Non-Asth X 9.9 64.7 95.8 101.6 104.3 105.2 103.2 100.7 ... 
:!:. SD 1.3 14.1 16.7 17.2 17.6 14.7 14.8 13.8 
Breathing Frequency (breath. min-• l 
Asth X 15.8 29.5 37.3 40.3 41.8 42.7 45.5 48.7 .......... ' 
:!:. SD 3.0 7.1 6.7 9.5 9.6 9.6 8.0 9.0 
Non-Asth X 15.4 29.8 41.3 43.3 46.8 47.7 48.5 48.3 .. . 
:!:. SD 1.9 7.5 9.4 8.8 5.6 7.3 9.2 8.2 
Tidal Volume (1 - STPDl 
Asth X 0.56 I. 69 2.01 1.97 1.93 1.92 1. 77 1.82 .. d 
+ SD 0.09 0.22 0.23 0.31 0.34 0.29 0.13 0.25 
Non-Asth X 0.54 1.88 2.00 1.95 1.85 1.85 1.80 1. 78 ns 
:!:. SD o. 11 0.61 0.59 0.49 0.31 0.36 0,38 0.43 
Vent1latory Equ1valent 
Asth X 48.1 24.0 24.7 25.7 25.8 26.0 26.1 27.6 ....... l 
:!:. SD 4.8 1.2 1.5 1. 7 1.1 1.3 .1. 6 2.3 
Non-Asth X 42.7 23.2 25.2 25.9 26.8 26.9 26.5 26.2 ns 
:!:. SD 4.2 2.4 3.4 3.2 2.9 2.2 1. 7 2.3 
Page trend analysis: " p<0.05, """ p<0.001 
• : 1ncrease, d : decrease. 
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Table 6,17. The relahonship between selected reshng lung function 
values, and various phys1olog1cal parameters at 4Km 1nto the treadmill 
half-marathon, for the asthmat1c and the non-asthmatlc groups. 
Asthmatics 
7. FEV1 !FEV.IVCl 
7.V,. max 
r.vo,. max 
fB !b. mln-1) 
Vt (1) 
v .. Equivalent 
Non-Asthmah cs 
7. FEV1 !FEV.IVCl 
r.v~ max 
r.vo,. max 
fB !b. mtn-1) 
Vt (1) 
v .. Equ1valent 
FEV1 
7.Pred 
0.694 
-0.940** 
-0.514 
0.440 
-0.179 
0.456 
FEV. 
7.Pred 
0.340 
-0.381 
-0.514 
-0.734 
0.638 
-0.434 
7.FEV. r.v~ max r.vo,. max fB Vt 
!b,min-1) !1) 
-0. 867* 
-0.912** 0.773* 
0.908** -0.634 -0.788* 
-0.809* 0.429 0.751 -0.905** 
0.823* -0.653 -0.777* 0.705 -0.832* 
%FEV1 r.v,. max r.vo,. max fB Vt 
-0.506 
0.325 -0.378 
0.048 0.143 0.480 
0.503 -0.493 0.131 -0.739 
0.320 0.305 0.569 0.629 -o. 110 
Pearson product moment correlations: * p<0.05 
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Table 6.18. Running performance and blood metabolites from two 
treadmill half-marathons performed by an asthmatic: athlete (4), us1ng 
different pre-exerc:1se med1c:ations. 
Pre-Exerc:ise Asthmatic: Drugs 
Ventol1n Dur1ng (mlnl 
T1me lm1nl 
Speed (m.s-•) 
% vo2 max 
Laboratory Temperature 
Laboratory Humidity (%) 
Water Intake (ml > 
We1ght (kg) 
Haemoglobin (g.dl- 1 ) 
Haematoc:n t (%) 
Plasma Volume 
(aC) 
Pre-
Post-
%Change 
Pre-
Post-
Pre-
Post-
%Change 
Run 1 Run 2 
Intal Intal 
Ventolin Ventolln 
Phyll oc:onti n 
58,66,76 85 
85.48 87.52 
4.11 4.02 
75.6 74.0 
16.6 18.9 
73 53 
0 90 
62.2 61.6 
60.6 60.1 
2.6 2.4 
15.24 16.95 
15.05 16.84 
44.5 48.7 
46.5 48.3 
-2.4 -1.7 
-------------------------------------------------------------------Noradrenaline (nmol.l-1 ) Pre-
Post-
Change 
Adrenaline !nmol.l-•> 
Free Fatty Ac:ids !mM> 
Gl yc:erol (mM> 
Pre-
Post-
Change 
Pre-
Post-
Change 
Pre-
Post-
Change 
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1.52 
33.80 
32.28 
1.26 
6.95 
5.69 
0.37 
0.46 
0.09 
0.08 
0.36 
0.26 
3.17 
16.36 
13.15 
0.41 
.1.81 
1.40 
0.59 
1.17 
0.58 
0.10 
0.47 
0.37 
~ 
Q) 
11) Q 
Q) 
Ill 
£ 
E 
0 
.:: 
Q) 
Cl 
0 
·2 
-6 
-8 
c -10 
ea 
.r::: 
u 
'#. -12 
............. r-
"'· : 
-tJ.- -A 
A-
.. -. __ .\ ! 
--.\-\ ! I 
\ I • ,, / 
•-!......._ ....-•/ 
• legend 
e Aslhmohcs 
-14 ..L.-.,.--.,.--.,.....-..---..---..---..---.--.---,.--,~'f.t<' e,'f.«' ~'f.«' ,'l.'f.«' ,n'f-1{\ 'l.o'f-1{\ ~'"' ,ol{''"' ,~"' 'l.oi''"' 
Figure 6.1. 
value, during 
non-asthmatic 
D1stance Run [km] Post Run &mns) 
The FEV., expressed as a percentage of the pre-exerc1se 
and after the half-marathon for the asthmatic and 
groups. 
F1gure 6.2a 
F1gure 6.2b 
6 
45 • c:::::-. • .a • 
·o--•- '-:':•-··"- / ~-•-•::r-: - o ~-o"'" .........._ --..... .. 0"" __ ..., ----u 
." 
·-· 
t:J.- -l!k 
........ -6.. P--A--.o.- ,._ .. !J.- t:J.- t:J. 
... ' "' "'o~.~o 
6 
25 
2~~~~~~~~~~~~~~-­~e"'~ ;u9, f:J~~ ,.~~ ro~~ -a-~~ ,ro~~'l.o~~ f:>~'<:;_o~'<:-,f:>~';o~'<:-
Distance Run IJ<ml Post Run [rmns] 
4 
35 
3 
~ 25 
2 
D1stance Run IJ<ml Post Run [J·mnsl 
F1gures 6.2a and 6.2b. The FEV, for the four asthmatics who did not 
experience asthma (6.2a) and for the two asthmat1cs who d1d exper1ence 
asthma (6.2b), dunng and after the half-marathon. 
173 
Figure 6.3a 
8 
7 
6 
~ 
..5 6 
CD 
-
., 
-
4 u 
., 
-l 
"0 
0 3 
0 
ii'i 
2 
1 
0 
F1gure 6.3b 
11 
10 
9 
~ 8 
..5 
CD 
U) 7 
0 
u 
~ 
Cl 6 
"0 
0 
0 6 ii'i 
4 
3 
2 
L ~ ~ 
s: 
~ 
T T 
I I I l J----' 
:::-!-- - - :::- l - - - - ~ <1~1 l • .!. 
Legend 
Q ~~h~O!!iS _ 
r----------,-------,-----,-------,• Non-Aslhmahes 
15km 4km Skm 12km 16km 20km 
Dostance on Half Marathon 
i i I 
T I I 
I b- I 
b- --- -- 0... ,. - -- • 
.... .... I 
T ~ ~ 
... I ... 
~ 
b~ '.0 
~ t..::.:-r I I I I 
Leg en~ 
0 !!lh_!!!a!!!s _ • 
e Non-Aslhmahc:s 
15km 4km 8km 12km 16km 20km 
Distance in Half Marathon 
Figure 6.3a and 6.3b. The blood lactate (6.3a) and blood glucose 
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glycerol (6.5b) concentrations before and after the half-marathon, for 
the asthmatic and the non-asthmatic groups. 
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6.4 DISCUSSIOn. 
The phys1olog1cal responses to a treadmill half-marathon race for a 
group of asthmatic athletes, tak1ng the1r normal pre-exerc1se 
med1cat1on, were compared w1th those of a s1m1lar group of 
non-asthmatic athletes. The groups were matched for age and runn1ng 
experience, compr1s1ng of a mixture of el1te and recreational runners. 
The mean VDz max, and the runn1ng speed and Y.VDz max at blood lactate 
concentrations of 2mM and 4mM, were s1m1lar. The asthmatic and 
non-asthmatic groups were therefore well matched for 
card1o-resp1ratory fitness. The asthmatic group had EIA after the 
short non-medicated running test and their lung function, obta1ned 
before the half-marathon <FEV, percent predicted and the FEV,/FVCY.l, 
was s1gn1f1cantly poorer compared to the non-asthmatic group. 
The ma1n f1nd1ngs from th1s study were the s1m1lar 
card1o-resp1ratory and metabolic responses to the half-marathon of the 
asthmatiC and non-asthmatic groups. However, the response of the lung 
function to the half-marathon between the asthmatic and non-asthmatic 
groups, and w1th1n the asthmatlc group, were dlfferent. 
6.4.1 Half-Marathon Performance. 
The performances 1n the treadmill half-marathon were not 
sign1f1cantly different 1n terms of the t1mes or Y.VDz max ut1l1sed for 
the asthmatics and non-asthmatics, w1th both groups ut1l1s1ng an 
average of BOY. VDz max for the ent1re half-marathon. This fractional 
use of the max1mal m:ygen uptake IS similar to that observed for a 
group of recreational runners <7BY.l performing. a half-marathon 
<Williams and Nute 1983) and similar to the estimated oxygen uptake 
obta1ned for an outdoor half-marathon for the asthmatic athletes 
(Chapter 5). Th1s f1nd1ng confirms that asthma does not preclude the 
development of 
treadmi 11 and 
asthmatiC group 
good 
outdoor 
would 
endurance fitness. In add1t1on, the s1m1lar 
half-marathon 
suggest that 
performance t1mes 
'rac1ng' conditions 
for the 
had been 
successfully s1mulated on the treadm1ll. 
Wlthin the asthmat1c group, the physiological responses at 4km Into 
the half-marathon varied according to the severity of the pre-exercise 
airflow obstruction. Athletes w1th Increased pre-exercise airflow 
obstruction <reduced FEV 1 /FVCY.l had reduced breathing frequency and 
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1ncreased t1dal volume result1ng 1n a good ventilatory equ1valent. In 
addit1on, those asthmatics w1th more severe pre-exercise obstruct1on 
were able to work at a h1gher f.V02 max. Th1s 1s cons1stent w1th the 
observat1ons for the asthmat1c athletes engaged 1n an outdoor 
half-marathon (Chapter 5). As we have seen 1n the prev1ous chapter, 
the max1mum parameters <VE max and VD2 maxl are l1m1ted for asthmat1cs 
with more severe a1rflow obstruct1on. Thus these athletes have adapted 
the1r submax1mal f1tness through tra1n1ng, to ensure they are able to 
exerc1se at a h1gher f.VD2 max. Th1s type of adaptat1on supports the 
work of Coyle et al (1983) w1th card1ac patients. 
6.4.2 Lung Funct1on Responses to the Half-Marathon. 
The control of exerc1se-1nduced asthma 1s essent1al 1f the 
asthmat1c is to part1c1pate safely in phys1cal act1v1ty and w1thout 
resp1ratory d1sadvantage 1n sport lF1tch 1986). In the half-marathon 
the pre-exerc1se med1cat1on adequately protected four of the six 
asthmat1c athletes from EIA. 
Although the non-asthmat1cs showed a lower FEV 1 dur1ng the 
half-marathon compared to resting values, the FEV 1 returned 
spontaneously to near pre-exerclse levels after exercise. This 
1mmed1ate reversib1l1ty would suggest that the non-asthmat1cs were 
unable to reproduce a pre-exerc1se FEV, wh1lst runn1ng on the 
treadm1ll rather than any bronchospasm per-se. Of the four asthmat1c 
subJects not affected by asthma, three were able to reproduce 
• 
pre-exerc1se FEV, values throughout the half-marathon, Th1s would 
1nd1cate that respiratory muscle fatigue l1f th1s can be assoc1ated 
w1th the ab1lity to produce a near normal FEV 1 l, occurred to a greater 
extent 1n the non-asthmatics than the asthmat1cs free from an 
exacerbat1on of the1r asthma. The work of Gorsk1 et al (1978) 1n rats, 
stated that exerc1se causes a reduct1on in the glycogen levels of the 
resp1ratory muscles, and so the decrease 1n the FEV, observed by the 
non-asthmat1c group may have been related to a reduct1on in the 
glycogen content of the resp1ratory muscles. In add1t1on, endurance 
running tra1n1ng for the asthmat1c athlete may have served to 1ncrease 
the aerob1c capac1ty of the resp1ratory muscles, poss1bly leading to 
h1gher glycogen levels and thus allow1ng asthmat1cs free from EIA, to 
obta1n a near pre-exerc1se FEV 1 wh1le exerc1s1ng. 
Two asthmat1cs d1d, however, exper1ence a fall 1n FEV 1 both dur1ng 
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and after exerc1se, suggest1ng that asthma had been provoked. 
Therefore, the pre-exerc1se med1cat1on, compr1sing both salbutamol and 
sod1um cromoglycate for these two athletes, failed to protect them 
from EIA for the enhre durahon of the run. Furthermore, the add1 hen 
of am1nophyll1ne to the pre-exerc1se treatment for one of these 
asthmahcs fa1led to reduce the seventy of EIA 1n a second treadm11l 
half-marathon. Although theophyll1ne has been shown to be useful 1n 
the inh1b1t1on of EIA !Ell1s 1984al, th1s failed to g1ve added 
protect1on when am1nophyll1ne was used 1n the comb1nat1on therapy for 
th1s asthmahc. Thus, the recent suggeshon by Fitch (1986) that 
1nhib1t1on of EIA 1s ach1eved 1n most asthmat1cs by pre-exerclse 
aerosol beta-2 agon1sts, supplemented by sod1um cromoglycat~ and/or 
theophylllne, cannot be supported when the exercise 1s prolonged. 
With the onset of EIA the runn1ng speed was reduced and thus the 
performance of these asthmat1cs would be 1mpaired. Indeed, the 
reqmrement for max1mum performance necess1tates ophmum resp1ratory 
funct1on and 1n th1s s1tuat1on reversal of the asthma. However, 
desp1te a reduchon 1n runmng speed and the use of a bronchod1lator, 
EIA could not be reversed wh1le runn1ng. It would seem that once the 
EIA produces a nohceable fall of FEV 1 , 1t is not possible to "run 
through" the asthma as suggested by F1tch and Godfrey (1976), even 
w1th the help of a bronchod1lator. Furthermore, the possibil1ty of 
1mmed1ately revers1ng the EIA provoked dur1ng prolonged exercise 1s 
quest1onable, since 1t was demonstrated that a bronchod1lator failed 
to 1mmed1ately reverse the asthma after the half-marathon. 
' These observahons suggest that the asthmatic wtll be at a 
d1sadvantage 1n endurance runn1ng 1f EIA is provoked dur1ng 
compet1t1on. More 1mportantly the results must ques~1on the safety of 
the part1c1pat1on of the asthmatic 1n compet1t1ve endurance runn1ng, 
1f pre-exerc1se med1cat1on does not afford full protect1on from EIA. 
6.4.3 The Card1o-Resp1ratory Responses to the Half-Marathon. 
The heart-rate was s1gn1f1cantly lower for the asthmat1c group 
dur1ng the half-marathon when compared to the non-asthmaic group. Th1s 
difference was however a funchon of the lower max1mum heart-rate of 
the asthmat1c group s1nce there was no d1fference between the groups 
when the heart-rate was expressed as a percentage of the max1mum. The 
vent1lat1on, although lower for the asthmat1c group, was not 
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s1gn1f1cantly different between groups. The components of v~nt1lation, 
breathing frequency and t1dal volume, were not significantly different 
between the groups. The breathing frequency, however, was 
approximately 5 breaths.mln-1 lower for the asthmatics suggesting a 
more 'controlled' pattern of breathing. The s1m1lar ventilatory 
eff1c1ency of the groups would 1nd1cate that the breathing pattern 
developed by the asthmatiC group was as eff1c1ent at gas exchange 
compared to the non-asthmatics. The response of these 
card1o-resp1ratory parameters over t1me was also observed. 
It has been well documented that dur1ng constant paced runn1ng at a 
speed above 70i. V02 max a gradual r1se 1n heart rate or cardiovascular 
dr1ft occurs (Saltln and Stenberg 1964). If ind1v1duals are allowed to 
self select their runn1ng pace, as dur1ng the present study, a steady 
Increase 1n heart rate for the asthmatiC and the non-asthmatic groups 
was also shown. Th1s Increase 1n heart rate may be compensating for 
the decrease 1n stroke volume, associated mainly w1th changes in the 
red1str1but1on of card1ac output for temperature regulation. 
Endurance events requ1re effective temperature regulation dur1ng 
rather than after exercise. The loss of heat IS ma1nly effected by 
sweat mechanisms, leading to a loss of flu1d. To offset this loss of 
body fluid through sweating, athletes are recommended to take in 
l1qu1d. However, the water Intake dur1ng the half-marathon of 99ml, 
fell well short of the recommendations of S1ncla1r et al (1983), of 
one l1tre of flu1d per hour during endurance exerc1se. However, under 
competitive conditions 1t IS 1mposs1ble to dr1nk th1s quant1ty of 
flu1d wh1le runn1ng, and thus the fluid intake may do little to 
balance the flu1d loss (Costlll et al 1970b). Although the fluid 
1ntake during the half-marathon was low, the changes'1n plasma volume 
and body weight were minimal and not related to the amount of fluid 
consumed. 
After the half-marathon a small fall 1n plasma volume of 1.8i. was 
observed, 1nd1cat1ng that a half-marathon does not place such severe 
demands on plasma volume changes as would a marathon (Myhre et al 
1982). Indeed, the mean group reduction 1n body weight of 2.6i. or any 
of the 1ndiv1dual subJect values, do not approach the value of 4i. 
associated w1th dehydration <Astrand and Salt1n 1964). Our results are 
very comparable with those observed by Colt et al (1978) who observed 
a 2.3i. change 1n body we1ght for 10 males 1n a 10 m1le race. In 
add1t1on, there was no support for the d1rect relationship between the 
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changes 1n plasma volume and body we1ght suggested by Cost1ll et al 
(1976). 
In add1t1on to card1o-vascular dr1ft, the groups also showed 
vent1latory dr1ft as 1nd1cated by an 1ncrease 1n vent1lat1on rate over 
the half-marathon. Th1s 1ncrease 1n vent1lat1on rate has been v1ewed 
as be1ng advantageous by benef1t1ng pulmonary gas exchange or H+ 10n 
regulat1on, wh1ch outwe1ghs any ineff1c1ency 1n vent1latory work 
(Hanson et al 1982). In contrast the 1ncreased vent1lat1on has been 
cons1dered as detr1mental to performance because the sensed level of 
breath1ng 1s an 1mportant part of a runners perceived rate of exertion 
(Mart1n et al 1981). 
In asthmat1cs the tr1gger to EIA 1s assoc1ated w1th the vent1lat1on 
rate (Deal et al 1979>, and thus the net 1ncrease 1n vent1lat1on must 
be cons1dered harmful for the asthmat1c. Up to 16Km the asthmatic 
group showed only an Si. 1ncrease 1n ventilat1on rate, so it is 
poss1ble that asthmat1c runners may alter thelr runn1ng speed 
accord1ng to the1r level of vent1lat1on. It was not unt1l the last 
exp1red a1r collect1on at 20Km that any marked 1ncrease 1n vent1lat1on 
was observed, when 1f the asthma was 1nduced, the end of the run was 
near. The non-asthmatlc group d1d not show a marked 1ncrease in 
vent1lat1on, w1th the vent1lat1on rate decreas1ng as the speed of the 
treadm1ll was reduced 1n the later stages of the run. Therefore, 
dur1ng race cond1tions 1n wh1ch the subJect can change the runn1ng 
speed, the vent1latory dr1ft does not seem as pronounced as 1n steady 
speed runn1ng (Hanson et al 1982). 
' The s1m1lar card1ac and ventilatory responses of the groups to the 
half-marathon would suggest that the asthmat1c 1s not at a 
d1sadvantage 1n endurance runmng. 
6.4.4 The Metabol1c Responses to the Half-Marathon. 
Blood lactate concentrations during the half-marathon was not 
s1gn1f1cantly d1fferent for the asthmatic and non-asthmatlc groups. 
The values obtained at the end of the run of approx1mately 5mM were 
sim1lar to those obta1ned by Will1ams and Nute (1983) during a f1eld 
study on half-marathon runn1ng. The range of responses between 
sUbJects was large, w1th the subJects select1ng race speeds that 
el1c1ted blood lactate concentrat1ons of between 1.2mM and 5.5mM at 
1. 5Km. However, two 
concentrat1ons of 5.5mM 
non-asthmahc 
and 4.5mM 
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subJects 
at 1. 5km 
had 
had 
blood lactate 
to slow down 
cons1derably 1n the later stages of the half-marathon. Th1s would 
1nd1cate that for these two asthmat1cs the select1on of pace was 
1ncorrrect, and perhaps muscle glycogen may be a limit1ng factor 1n 
the half-marathon when 1ncorrect pac1ng 1s employed. Th1s 1s in 
contrast to the observat1ons of Cost1ll (1973) who concluded that for 
a 10 m1le race, albe1t 
was not a l1m1t1ng 
non-asthmat1c selected 
a sl1ghtly shorter d1stance, muscle glycogen 
factor. In contrast, a very well tra1ned 
a speed wh1ch accumulated 4.9mM of blood 
lactate at 1.5Km, and was able to ma1nta1n this speed for the ent1re 
run. Due to the large range of blood lactate concentrat1ons observed 
dur1ng rac1ng cond1t1ons, f1tness should be related to the ab1l1ty to 
ut1l1se a h1gh percentage of V02 max, regardless of the accumulat10n 
of blood lactate. 
The blood glucose responses to the half-marathon were not 
s1gn1f1cantly different for the asthmat1c and non-asthmat1c groups. 
Both groups showed an early r1se 1n blood glucose concentrat1ons 
during the half-marathon, poss1bly caused by an elevated rate of 
hepat1c glycogenolysis due to raised catecholam1ne levels with the 
onset of exerc1se (Hall et al 1983). The blood glucose fluctuated 
around this elevated level for all but two of the subJects, throughout 
the half-marathon ensur1ng both an adequate blood glucose supply for 
fuel for v1tal organs, and fuel to the muscle as muscle glycogen 
levels are reduced. No athlete exper1enced hypoglycaemia as def1ned by 
a blood glucose concentration of less than 2.5mM (Felig et al 1982). 
Thus the fat1gue exper1enced at the end of the half-marathon race was 
• not necessar1ly assoc1ated w1th low blood glucose fa~ th1s group of 
athletes, th1s be1ng 1n agreement with other 1nvest1gat1ons (Hall et 
al 1983, Fel1g et al 1982). 
The elevated, though not s1gn1ficantly different, blood glucose 
concentrat1ons of the asthmat1cs compared to the non-asthmat1cS could 
ma1nly be attributed to the hyperglycaem1c response of two asthmat1cs. 
The1r elevated response may be expla1ned by the effects of salbutamol 
(Nev11le et al 1977), although not all asthmatics tak1ng salbutamol 
demonstrated! abnormally: h1gh blood glucose concentrat1ons. Adrenal1ne 
~- ~-- -' 
has a role 1n regulat1ng muscle glycogenolys1s <R1chter 1984, Jansson 
et al 1986), and thus any d1fferences 1n the blood glucose 
concentrat1ons may be assoc1ated w1th d1fferences in the response of 
adrenal1ne to exerc1se. Indeed, the highest adrenal1ne level obta1ned 
mth1n the asthmatic group (5.69 nmol.l- 1 ) was observed for the 
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asthmat1c w1th the highest blood glucose concentrat1on (9.85mM> at the 
end of exerc1se. In contrast, the non-asthmat1c w1th the h1ghest 
adrenal1ne (10.78 nmol.l- 1 ) had the lowest blood glucose concentrat1on 
<2.87mMl at the end of exerc1se, Th1s non-asthmat1c was forced to 
reduce h1s runmng speed at the end of exercise due to fat1gue, and 
therefore the lower blood glucose level may be accounted for by 
reduced glycogen levels. 
The changes 1n plasma catecholam1nes w1th d1stance runn1ng have 
not been well documented e1ther for asthmat1c or non-asthmat1c 
subJects. In the present study, there was no d1fference 1n the rest1ng 
concentrat1ons of adrenal1ne and noradrenal1ne 1n the asthmat1cs and 
non-asthmat1cs, The catecholam1ne concentrat1ons of the asthmat1cs 
were, however, sl1ghtly h1gher than those reported by other 
1nvest1gators <Warren et al 19821, poss1bly due to anticipation of 
exerc1se. Dur1ng the half-marathon large changes 1n the NA (10 fold) 
. 
and AD (7 fold) from pre-exerc1se levels were observed for the 
asthmat1c group, w1th the1r responses not s1gn1f1cantly d1fferent from 
those of the non-asthmat1cs. Th1s would g1ve support to the idea that 
there 1s no d1fference between the adrenergic responses of the 
asthmat1c and the non-asthmat1c, agree1ng w1th the work of Beil et al 
(1977), Chryssanthopulus et al (1978) and Z1elu1sk1 et al (1980) 1n 
short-term exerc1se. The magn1tude of the catecholam1ne responses for 
the asthmat1c compared to prev1ous studies, ut1l1s1ng the standard 6-8 
m1nute exerc1se test, was much greater due to the longer duration of 
act1vity. In add1t1on, the catecholam1nes were s1m1lar for the two 
asthm~t1cs who d1d bronchoconstr1ct and compared to those of the four 
asthmat1cs who did not bronchoconstr1ct, Th1s would support the v1ew 
that catecholamines do not play a d1rect role 1n the, pathogenesis of 
EIA <Barnes et al 1981bl. Indeed, the response of the catecholam1nes 
of the subJect who ran two treadm1ll half-marathons were markedly 
d1fferent, yet EIA st1ll occurred, However, in the half-marathon where 
the response of the catecholam1nes was greater, the FEV, d1d not fall 
further when exerc1se ended, whereas when the catecholam1nes were 
lower FEV, fell further after exerc1se had stopped, Thus higher 
catecholam1ne levels may prevent a further fall 1n the FEV 1 after 
exerct se. 
It has been suggested that asthmatics may have a problem 1n the 
mob1lizat1on of free fatty acids <FFAl, and therefore may have to rely 
upon carbohydrate as an energy source <Barbor1ak et al 1973). The rate 
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of uptake and ox1dat1on of FFA by the work1ng muscle 1s proport1onal 
to the plasma FFA concentrat1on <Armstrong et al 1961), Therefore, the 
post-exerclse FFA levels should give a reflect1on of the degree to 
wh1ch FFA are supply1ng the energy demands. Both the asthmat1c and 
non-asthmatlc groups showed a signif1cant increase 1n plasma FFA, and 
a correspond1ng 1ncrease 1n plasma glycerol after the half-marathon. 
However, there was no d1fference 1n the response of FFA or glycerol to 
suggest that asthmatics had a reduced ab1llty to utillse FFA. Indeed, 
the R value reflecting the substrates utillsed, was not signihcantly 
d1fferent for the asthmat1c and non-asthmatic groups, In add1tion, 
both groups demonstrated an 1ncreased reliance on fat as the 
substrate, as the half-marathon progressed as 1llustrated from the 
resp1ratory exchange ratl o. 
There were no s1gn1f1cant d1fferences between the metabol1c 
responses of the asthmat1c and non-asthmatlc groups to suggest that 
the asthmat1c is at a d1sadvantage 1n endurance runn1ng. 
6.4.5 The Effect of Asthmat1c Med1cat1on on the Physiolog1cal 
Responses to the Half-Marathon. 
From the des1gn of the study 1t 1s not poss1ble to determine the 
effect of the med1cat1on alone on the phys1olog1cal responses observed 
1n the asthmat1c group. An assessment of the phys1olog1cal effects of 
am>nophylllne <theophylllne ethylened1am1nel can be drawn from the 
results of the asthmat1c who performed two half-marathons, w1th and 
w1thout am1nophyll1ne, 1n add1tion to d1sod1um cromoglycate and 
' salbutamol before each test. Although theophylline pas never been 
considered to have an "ergogemc" effect to enhance performance, 1t 
does have a number of e>:tra-pul monary effects such as enhancement of 
cardiac and resp1ratory muscle function wh1ch therefore merits further 
attent1on <Ell1s 1984b), As Aub1er et al (1981) have demonstrated, 
am1nophyll1ne concentrations 1n the therapeutic range of 10 to 20 
ug/ml (13 + 0.9 ug/mll Improves d1aphragmatlc contractlhty in 
non-asthmatics, rendering the diaphragm less susceptible to fat1gue, 
Desp1te theophylline having been found to have no effect on the 
max1mum exercise performance of healthy men <Elllot 1985>, 
am1nophyll1ne may st1ll benef1t endurance runn1ng perfomance. However, 
the s1m1lar half-marathon performances both w1th and Without 
am1nophylllne, would suggest that theophylline does not have an 
ergogen1c effect dur1ng d1stance runn1ng for th1s asthmatic. Further 
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work IS reqUlred In non-asthmatics beforei dehnite conclUSIOns can be 
made on the poss1ble ergogenic effect of theophylline 1n distance 
running. There were, however, large differences 1n the physiological 
responses between the two half-marathons performed w1th and without 
am1 nophy 1 h ne. 
The higher heart-rate and lower oxygen pulse during the 
half-marathon when am1nophyll1ne was taken is consistent w1th the work 
1n exerc1se of Ell1ot et al (1985). Og1lv1e et al (1977) found that at 
rest, an Increased heart rate w1th am1nophyll1ne was not accompanied 
by any change 1n the stroke volume, but was accompanied by 
vasod1lat1on of the skeletal muscle vascular bed of the forearm. On 
the bas1s of these f1nd1ngs Ell1ot et al (1985> expla~ned the 
Increased heart rate on exerc1se as a physiological response to 
ma1nta1n an adequate oxygen supply to the muscle, th1s be1ng 
necessary due to the reduced arteriovenous oxygen content difference 
produced by vasod1latat1on. 
There were also differences 1n the metaboliC responses to the 
half-marathon 1n the presence of am1nophyll1ne. For the half-marathon 
w1th am1nophyll1ne, both lower adrenaline and blood glucose 
concentratl ons, 
observed, when 
Theophylline 1s 
responsible for 
and higher free fatty ac1d concentrations were 
compared to the half-marathon Without am1nophyll1ne. 
an 1nh1b1tor of phosphodiesterase, the enzyme 
the breakdown of cAMP. Cycllc AMP acts as a "second 
messenger" med1at1ng the effects Of the hormones Involved In muscle 
and l1ver glycogenolysis, adrenaline and glucagon. Thus elevated cAMP 
• levels 1n the presence of theophylline may account for t~e differences 
1n the metaboliC responses between the two half-marathons. 
The lower adrenaline concentrations at the end of the half-marathon 
may be a negat1ve feedback mechanism consequent on the elevated cAMP 
levels due to the presence of theophylline. Alternatively, the lower 
adrenaline and noradrenaline levels w1th am1nophyll1ne may be partly 
due to a greater clearance by the l1ver consequent on the elevated 
heart-rate. Desp1te the much reduced adrenaline concentrations w1th 
am1nophyll1ne, the blood glucose concentrations showed a normal r1se 
dur1ng both half-marathons. Th1s may suggest that elevated cAMP levels 
with theophylline have allowed adequate glycogenolysis to ma1nta1n the 
blood glucose concentrations. The slightly h1gher blood glucose 
concentrations for the f1rst half-marathon compared to the second 
half-marathon w1th aminophylline, was probably due e1ther to the 
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elevated adrenal1ne levels for the f1rst run, and I or due to the 
1ncreased use of the beta-2 agom st, salbutamol, dunng run 1 (Nevllle 
et al 1977). 
Cycl1c AMP also acts as a med1ator to hormones other than those 
1nvolved 1n carbohydrate metabol1sm, for example in l1polys1s. An 
1ncrease 1n cAMP, act1vates a protein k1nase that 1n turn 
phosphorylates and act1vates a second enzyme, tr1glycer1de l1pase. 
Th1s l1pase then catalyses the degradation of stored tn gl ycen des 
into fatty ac1ds, wh1ch are then released 1nto the blood <Bowmans and 
Rand 1982). The concentratlon of free fatty acids after the 
half-marathon was h1gher for the run Wlth am1 nophylli ne, and thus the 
effect of 1ncreased cAMP may 1ncrease fat mob1 h atl on. An increased 
metabol1sm of fat may lead to a glycogen span ng et f ect and thus the 
effect of theophylllne on substrate mob1l1sat1on must be examined in 
the l1ght of the poss1ble ergogen1c effect of theophylline 1n 
endurance exerc1se. 
6.5 Summary. 
The s1m1lar card1o-resp1ratory and metabol1c responses to the 
half-marathon of the asthmat1c and non-asthmatlc groups would suggest 
that the asthmat1c, adequately protected from EIA by pre-exerc1se 
medicat1on, should not be at a d1sadvantage 1n endurance runn1ng. 
Therefore, a1rway obstruchon, wh1ch does not worsen w1th exerc1se, 
does not 1nh1b1t the endurance runn1ng performance of, the asthmat1c 
who has undergone appropr1ate tra1n1ng. 
Standard pre-exerclse asthmatic med1cat1on, ~owever, may not 
totally 1nh1b1t EIA 1n endurance rac1ng cond1t1on. Asthmat1cs may 
exper1ence EIA dur1ng and after prolonged runn1ng, therefore 
quest1on1ng the safety of the" part1c1pation of the asthmat1c 1n 
d1stance runn1ng and plac1ng the asthmat1c at resp1ratory d1sadvantage 
1n th1s sport. 
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CHAPTER 7 
THE PHYSIOLOGICAL RESPONSES OF ASTHMATIC AND NON-ASTHMATIC ATHLETES TO 
A 2 HOUR TREADMILL RUN AT 707. V02 MAX. 
7.1 Introduction. 
The prev1ous chapter described the phys1olog1cal responses of the 
asthmatic athlete dur1ng an endurance 'race'. The study showed that 
the effect on the card1ac, vent1latory and metaboliC systems to the 
treadmill half-marathon were s1m1lar for the asthmatic and 
non-asthmatic athletes. Although the physiological effects of more 
controlled exercise conditions, such as prolonged constant speed 
runn1ng, are well documented for non-asthmatiCS (Chapter 2>, there IS 
no such 1nformat1on on the asthmatic athlete. The a1m of the present 
study was to compare 
athletes to prolonged 
1ntens1ty. 
the responses of asthmatic and non-asthmatiC 
exercise at the same relat1ve exercise 
The prev1ous study (Chapter 6l observed that, despite the use of 
pre-exerclse medication, asthma may still be provoked under 
compet1t1ve cond1t1ons. When EIA developed during the treadmill 
half-marathon, the asthmat1c was forced to reduce h1s runn1ng speed. 
The consequences of develop1ng bronchoconstriction alone could not 
therefore be determined. Should an athlete develop EIA during the 
prolonged run, th1s approach w1ll allow an examination of the 
phys1olog1cal effects of the fall 1n FEV1 dur1ng exercise. 
This study compared the card1o-resp1ratory and metaboliC responses 
of asthmatic athletes (wtth pre-exerc1se med1cationi and non-asthmatic 
athletes subJected to 2 hours of constant speed treadmtll running. The 
speed was selected to obta1n 707. of each 1nd1v1duals V02 max, both 
groups be1ng exerc1sed at the same relattve exerc1se intensity. 
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7.2 Methods. 
7.2.1 SubJects. 
Four asthmat1c and four non-asthmat1c endurance tra1ned runners 
volunteered for the study to exam1ne the phys1ological and metabol1c 
responses to a 2 hour run. The asthmatic and non-asthmatic athletes 
had s1m1lar runn1ng exper1ence and were of a sim1lar tra1n1ng status 
at the t1me of th1s study. 
7.2.2 Basel1ne Laboratory Test1ng. 
Each subject performed 3 prel1m1nary treadm1ll tests to measure V02 
max, the relat1onsh1p between runn1ng speed and blood lactate 
concentrat1on, and the 1nc1dence and sever1ty of EIA. The details of 
these tests are reported 1n Chapter 3 (General Methods). 
The regress1on equat1on for the relat1onsh1p between the runn1ng 
speed and the oxygen uptake from the 'speed-lactate' test, was 
obtained for each SUbJect. Using thiS regression equation and the vo2 
max, the treadmill runn1ng speeds requ1red to el1c1t 607. <warm-up 
speed) and 707. (2 hour run) of V02 max, were obta1ned for each 
asthmatic and non-asthmatlc athlete. 
7.2.3 Two Hour Treadm1ll Run at 707. V02 max. 
After an overn1ght fast, each subJect completed a 2 hour treadmill 
run at 707. V02 max. The follow1ng protocol was adopted: 
• (a) Pre-exerc1se lung function measurements were made ~t rest by dry 
sp1rometry !V1talographl to obtain FVC and FEV,, and PEFR for the 
asthmatic and non-asthmatic groups. 
measurements 10 minutes after 
med1catlon. 
The asthmatics repeated these 
taking their usual pre-exerc1se 
<bl W1th the subJect seated the following samples were taken: 
(1) A 5 m1nute resting sample of expired a1r. 
(cl 
!i1l Cap1llary blood samples, for the determ1nat1on of blood 
lactate and blood glucose, were obta1ned from the thumb of a 
pre-warmed hand. 
'· !111l A 10ml venous blood sample from an ante-cub1tal vein was 
obta1ned for the determination of haematocr1t, haemoglob1n 
and catecholam1nes (adrenaline and noradrenaline). 
A f1ve minute 'warm-up' at a speed selected to 
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approx1mately 60% V02 max, was completed by each subJect. A one 
m1nute sample of exp1red a1r was taken at the end of the warm-up 
penod. 
(d) The treadm1ll speed was then adJusted to the ·speed required to 
el1c1t 70% V02 max. Th1s speed was held constant for 2 hours. The 
t1me elapsed and d1stance covered was vis1ble to the athlete. 
(e) Sponges for external cool1ng purposes, and drink1ng water were 
available throughout the run. The total volume of l1qu1d drunk during 
the 2 hour run was recorded. Throughout the run the temperature and 
hum1d1ty were noted, and the mean values for the laboratory cond1t1ons 
over the 2 hour per1od were calculated. 
(f) A ser1es of collections were made at 15 m1nute 1ntervals dur1ng 
the 2 hours: 
!11 One m1nute samples of exp1red air collected in Douglas bags. 
(ill Dupl1cate 25ul cap1llary blood samples from the thumb for the 
determ1nat1on of blood lactate and blood glucose. 
!i11l FEV, was recorded as the best of two trials whilst runn1ng. 
!1vl Breath1ng frequency, allowing in addition the derivation of 
hdal volume. 
(v) Heart rate was recorded continuously throughout the run and 
d1splayed cont1nuously on an oscilloscope. 
(g) On completion of the 2 hour run a 10ml venous blood sample from 
an antecubital ve1n was obtained, for the determination of 
haemoglobin, haematocrit and catecholam1nes (adrenahne and 
noradrenaline). Us1ng the haemoglobin and haematocrit values obtained 
befor'e and after the 2 hour run, the percentage change 1n the plasma 
volume was obtained us1ng the calculations described by D1ll and 
Costi 11 < 19741. 
(h) The FEV 1 was recorded at 5 m1nute Intervals for 20 m1nutes after 
the 2 hour run. 
(I) Body we1ght was obta1ned both before and after the run. 
7.2.4 Statistics. 
Due to the small number of subJects <n=41 stahshcal analyses are 
restricted. In an attempt to exam1ne any differences between the 
asthmatiC and non-asthmatics groups the mean values over the 2 hour 
run are shown graphically. The response of the variables over t1me 
were exam1ned us1ng Page's trend analysis <Page 19631, for both the 
asthmatic and non-asthmatic groups. 
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7.3 Results. 
7.3.1 Physiologtcal Charactertstics. 
The phystcal and physiologtcal charactertsttcs of the four 
asthmatic and the four non-asthmatic endurance runners are shown tn 
Table 7.1. The mean V02 max for the asthmatic group !55.8 ~ 4.7 
ml.kg.-•mtn-•) was lower than that for the non-asthmatic group !63.4 
+ 4.8 ml.kg.-•mtn-•>. Thts dtfference in the maxtmum oxygen uptake 
for the two groups ts not crttical because the atm of the study was to 
compare the physiologtcal responses of the asthmattc to the 
non-asthmattc group at the same relattve exerctse tntensity (i.e. 70% 
of each tndtviduals VD2 maxl, regardless of the absolute running 
speed. 
Table 7.2 shows the runntng speed and the i.V02 ma~ at blood lactate 
concentrattons of 2mM and 4mM. The stmtlar mean values of the %V02 
max at these reference blood lactate concentrations, tndtcates that 
the groups had developed simtlar levels of submaxtmal fttness. 
The results from the runntng test wtthout asthmattc medtcation 
!Table 7.3>, illustrates that the non-asthmattc group did not develop 
EIA as reflected by only a 3.6% fall in the FEV,, whereas the 
asthmatic group exhibited a range of responses. One asthmattc C4l dtd 
not complete the test because hts pre-exercise FEV, was only 34% of 
predtcted normal. Exercise-tnduced asthma was conftrmed tn one of the 
asthmattcs who showed at least the 10% fall tn FEV, required to 
confirm EIA CAnderson 1983). The remaining two asthmatics were 
borderltne for the dtagnosts of EIA on thts occaston, but had shown 
unequtvocable falls tn FEV 1 tn prevtous tests. One of these 
individuals had recently modtfted his asthmatic medicatton addtng 
beclomethasone dtpropionate CBecotidel, and thus thts may have reduced 
the hyperreacttvtty of his atrways durtng the exerctse challenge. The 
peak flow values of thts subJect while changtng treatment are shown in 
Appendtx 10. 
Each asthmatic took daily and pre-exerctse medication !Table 7.4). 
In additton, one athlete took medtcation durtng the 2 hour run. Table 
7~5 shows the lung function values before and after thetr pre-exerctse 
medication, prior to the·2 hour run. The values are expressed as a 
percentage of the predtcted normal for each subJect. The 
non-asthmatic group had an FEV, wtthtn normal ltmtts, whereas wtthout 
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med1cat1on all asthmat1cs had an FEV, below 807. of the pred1cted 
normal value. It 1s of note that one asthmat1c had a very low FEV 1 
(287. pred1ctedl, wh1ch was 1ncreased with pre-exerc1se medicat1on (527. 
pred1ctedl 
7.3.2 Two Hour Run at 707. V02 max. 
Each athlete ran at a speed, calculated from prev1ous treadmill 
tests, to el1c1t 707. VOa max (Table 7.6). The average oxygen uptake 
over the 2 hour run revealed that th1s had been successfully ach1eved, 
w1th the asthmat1c and non-asthmatlc groups runn1ng at 70.8 t 1.3 and 
70.4 ~ 2.8 i.V02 max, respect1vely. 
The laboratory cond1t1ons for the 2 hour run, the fluid 1ntake and 
changes 1n body we1ght and plasma volume are shown 1n Table 7.7. Both 
groups had a small flu1d intake and approx1mately a 37. fall in body 
we1ght, after the two hour run. In addition, the 2 hour run resulted 
in falls 1n plasma volume of 7.87. fer the asthmatics and 5.97. for the 
ncn-asthmah cs. 
7. 3. 3 Lung Funch en Responses to the 2 Hour Run. 
The FEV, dur1ng and after the 2 hour run are shown 1n Tables 7.9 ' 
and 7.9, respectively. The mean responses of the FEV 1 are shown 1n 
F1gure 7.1. Three of the non-asthmatics experienced no marked 
reduct1on 1n the FEV, e1ther during or after the 2 hour run. One 
non-asthmatlc (1) dtd, however, exper1ence a reduct1on in the FEV 1 of 
over 207., although FEV, returned to pre-exerc1se levels post-exerclse • 
• One ncn-asthmattc (4) 
after the 2 hour run. The 
expertenced bronchodtlaticn ~oth dur1ng and 
mean response for the asthmat1c group 
showed a fall in the FEV, both durtng and after the'2 hour run. Two 
asthmat1cs (2 and 4) experienced a lowering of the FEV 1 dur1ng 
exercise, whtch was further reduced pcst-exerclse, w1th a max1mum 
decrease of 307. and 397. respect1vely. The m1xed response of the FEV 1 
fer the four asthmat1cs 1s 1llustrated 1n F1gures 7.2a and 7.2b. 
7.3.4 Metabol1c Response to the 2 Hour Run. 
Blood lactate values showed a s1milar pattern fer both groups, with 
ccncentr ab ens f 1 uctuah ng around 2mM fer the 2 hour run <Figure 
7.3al. Table 7.10 shows the response of each subJect, however Page's 
trend analys1s revealed no s1gn1f1cant trend w1th t1me. 
The bleed glucose concentration was simtlar fer the asthmat1c and 
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non-asthmatlc groups <F1gure 7.3b). Table 7.11 shows the blood 
glucose concentrat1on for each subject. It can be seen that one of 
the asthmat1cs (3) showed an unexpla1ned fall in the blood glucose at 
the onset of exerc1se, which influences the mean results for this 
group. Although both groups showed a slight lowering of blood glucose 
at the end of the 2 hour run, no subJect appeared to develop 
hypoglycaemia as def1ned by a blood glucose concentration less than 
2.5mM. Indeed over the 2 hour run, there was no signiflcant trend 1n 
blood glucose concentrations for e1ther group. 
The response after the 2 hour run of the plasma catecholamines, 
adrenaline and noradrenaline, were similar for the asthmatic and 
non-asthmatic groups <Table 7.12), Increases, from resting values of 
approximately 500% for both adrenaline and noradrenaline occurred for 
both groups <Figures 7.4a and 7.4bl. 
7.3.5 The Cardio-Respiratory Responses to the 2 Hour Run. 
The mean values for selected cardio-respiratory variables together 
with the results from the Page trend analysis to Illustrate 
significant change over time, are shown in Tables 7.13 and 7.14. 
The oxygen cost of the 2 hour run showed a slight upward trend for 
both the asthmatics (7.1% increase) and non-asthmatics (3.61. increase) 
<Figure 7.5a), The oxygen cost of the 2 hour run was higher for the 
non-asthmatic group compared to the asthmatics, as a consequence of 
their higher running speeds. However, there was l1ttle difference In 
the oxygen uptake when expressed at a percentage of V02 max <Figure 
7.5b). The ventilation rate, expressed In absolute terms and as a 
. 
percentage of VE max, are shown In Figures 7.6a and 7.6b. A small but 
sign1f1cant upward drift of the ventilation rate of•4,6% and 6.9% was 
observed for the asthmatic and non-asthmatic groups, respectively. 
The non-asthmatics showed a higher absolute ventilation rate than the 
asthmatics, but this was not different when expressed as a percentage 
of maximum ventilation rate. As a result of the concurrent Increase In 
both VOz and VE, the ventilatory equivalent remained unchanged for the 
duration of the 2 hour run <Figure 7.7al. The resp1ratory exchange 
ratio <R> was not different for the asthmatic and non-asthmatic groups 
throughout the 2 hour run <Figure 7.7b), From thiS we can conclude 
that the contributions of the substrates, fat and carbohydrate, to 
energy metabol1sm were similar. 
The Increase In the ventilation rate was brought about by a 
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s1gn1f1cant 1ncrease in breathing frequency over t1me for the 
non-asthmatic group ( 13.3/.l and to a lesser extent for the asthmatic 
group (9.6/.) !F1gure 7.Bal. Indeed, hdal volume decreased 
s1gn1f1cantly over the 2 hour run for the non-asthmatics, although the 
asthmat1c group exper1enced no such change !Figure 7.Bbl. 
The breath1ng patterns were d1fferent for the . asthmat1c and 
non-asthmatlc groups runn1ng at 70/. VDz max. Breathing frequency was 
lower for the asthmatic group, although there were no apparent 
d1fferences between the groups 1n the t1dal volume. Thus, the 
asthmat1cs, 1n order to ach1eve a t1dal volume comparable to that of 
the non-asthmatlcs, had a slower breathing frequency. The t1dal 
volume was a much greater percentage of the FEV., for the asthmatic 
group when compared w1th the non-asthmatlc group !F1gure 7.9). 
The heart rate of the asthmat1c group was lower than that of the 
non-asthmatlc group, although there was no difference when expressed 
as a percentage of max1mum heart rate !F1gure 7.10a and 7.10bl. The 
asthmat1c and non-asthmatlc groups both showed sign1f1cant increases 
in the heart rate over t1me. In add!t1on, the oxygen pulse 
(m1ll1l1tres of oxygen per heart beat) showed a signif1cant downward 
trend over t1me, for both groups !F1gure 7,11), 
203 
Table 7.1. The phys1ological character1stics of the asthmat1c and 
non-asthmatlc athletes who completed the 2 hour treadmill run, in 
response to the max1mum oxygen uptake test. 
Age He1ght Weight VD,. max v,. max HR max 
yrs m kg l.mln-• ml.kg.-•min-• l.mln- 1 b.min-• 
Asthmatics 
1. 44 1.84 66.05 4.06 61.5 132.5 184 
2. 44 1. 77 65.25 3.76 57.6 121.3 172 
3. 43 1.76 69.4 3.67 52.8 131.0 176 
4. 41 1.72 59.7 3.05 51.1 86.0 174 
mean 43.0 1.77 65.1 3.64 55.8 117.6 177 
:!;.SD 1.4 0.05 4.0 0.42 4.7 21.7 5 
Non-Asthmatl cs 
1. 36 1.69 60.35 3.70 61.2 134.5 187 
2. 30 1.90 72.35 5.10 70.5 149.2 181 
• 3. 46 1.65 53.6 3.31 61.8 120.7 183 
. 
4. 43 1.80 76.8 4.62 60.1 163.8 185 
mean 38.8 1. 76 65.8 4.18 63.4 142.1 184 
:!;.SD 7.2 0.11 10.7 0.82 4.8 18.6 3 
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Table 7.2. The running speed and 7.VO:a max at 2mM and 4mM blood 
lactate concentrat1ons, for the asthmat1c and non-asthmatic runners 
who completed the 2 hour run. 
V2mM V4mM V2mM V4mM 
<m. s-1) <m. s-• l (f.VO:z maxl <t.VO:z max) 
Asthmatics 
1. 4.29 4.65 80.8 89.6 
2. 3.57 4.03 74.1 82,5 
3. 3.68 4.19 79.4 90.7 
4. 3.88 80.5 
mean 3.86 4.29 78.7 87.6 I 
:!;SD 0.32 0.32 3.1 4.5 
Non-Asthmatl cs 
1. 3.72 4.19 74.6 84.6 
2. 4.95 5.25 83.8 89.6 
3. 4.16 4.75 67.2 82.6 
• 4. 3.86 4.24 78.6 85.8 
mean 4.17 4.61 76.0 85.7 
:!;SD 0.55 0.50 7.0 2.9 
/ 
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Table 7.3. The phys1ological responses and changes in the FEV 1 to 
the non-medlcated running test, for the asthmatics and non-asthmatics 
who completed the 2 hour run. 
VO:z /.VO.,max v .... HR Pre- Post- 7. Change 
ml.kg.- 1 mln-• l.mln-• b.mln-• FEV, FEV, FEV 1 
Asthmatlcs 
1. 44.0 71.4 84.8 151 3.36 3.08 -8.3 
2. 37.7 65.4 58.8 133 1.92 1.25 -34.9 
3. 43.0 81.5 83.2 157 2.98 2.70 -9.4 
4. 1. 29 * -
mean 41.6 72.8 75.6 147 2.75 2.34 -17.5 
:!: SD 3.4 8.1 14.6 12 0.75 0.97 15.1 
Non-Asthmatl cs 
1. 48.2 78.7 101.2 159 3.12 3.00 -3.8 
2. 59.9 84.9 129.0 169 6.05 5.79 -4.3 
3. 44.8 72.5 69.3 162 3.15 3.02 -4. 1 
4. 45.1 75.1 81.8 160 4.35 4.25 -2.3 
mean 49.5 77.8 95.3 163 4.17 4.02 -3.6 
:!: SD 7.1 5.4· 26.0 5 1.38 1.32 0.9 
* Did not perform test due to a low resting FEV,. 
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Table 7.4. The asthmat1c history and the medication taken before and 
during the 2 hour treadm1ll run at 707. V02 max for the asthmatic 
athletes. 
Age Yrs of 
'!Yrs> Asthma 
1 44 39 
2 44 40 
3 43 2 
4 41 40 
mean 43 30 
;!:SD 1. 4 19 
Daily 
Medicatlon 
Becotide/Ventol1n 
Becotl de/Intal eo. 
Ventohn 
Exirel, Intal 
Intal eo. 
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Med1cat1on for 2 hr Run 
Before Dunng (minsl 
Ventohn 
Intal eo. Ventohn <16, 32, 88) 
Ventohn 
Exirel, In tal 
Intal eo. 
Ventolin 
Table 7.5. Lung function of the asthmatic !pre and post medication) 
and non-asthmatic groups prior to the 2 hour treadmill run at 707. VDz 
max. Values are given in absolute terms and as a percentage of 
predicted normal !in brackets>. 
FEV, FVC FEV,7. 
1-BTPS (7. Predl 1-BTPS (7. Predl 
Pre Med. Post Med. Pre Med. Post Med. Pre Med.Post Med. 
A!?thmatics 
1. 3.25(73.9) 3.48(79.1) 4.87(89.0) 5. 09 (93. 1) '66.7 68.4 
2. 1.98(49.5) 2.85(71.3) 3.96(79.2) 4.88(97.6) 50.0 58.4 
3. 3.06(76.9) 3.26(81.9) 5.00<101.4) 5. 07 (102. 8) 61.2 64.3 
4. 1. 08 (28.1) 1.99(51.7) 2.83(60.0) 4.25(90.0) 38.2 46.8 
mean 2. 34 (57 .1) 2.90(71.0) 4.17(82.4) 4.82(95.9) 54.0 59.5 
±.SD 1.01 (22.9) 0.66(13.6) 1.00(17.5) 0.39(5.6) 12.6 9.4 
Non-Asthmah cs 
1. 3.11(80.8) 3.77(81.1) 82.5 
2. 5.90(113.2) 6. 40 (102. 1) 92.2 
3. 3.09(92.2) 4.12(99.0) 75.0 
4. 4:27(101. 7) 5. 62 ( 108.1) 76.0 
mean 4.09(97.0) 4.98(97.6) 81.4 
±_SD 1. 33 <13. 8) 1.24(11.6) 7.9 
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Table 7.6. The runn1ng speed, distance covered, and the average 
oxygen uptake for the 2 hour run at 70% V02 max, for the asthmat1c and 
non-asthmatic runners. 
Run Speed Distance vo2 %V02 max 
(m.s-•) <kml <ml. kg. -•mln-l) 
Asth'matics 
1. 3.78 27.2 43.7 71.0 
2. 3.47 25.0 41.8 72.6 
3. 3,36 24.2 36.8 69.7 
4. 3.40 24.5 35.8 69.9 
mean 3.50 25.2 39.5 70.8 
:!:_SD 0.19 1. 4 3.8 1.3 
Non-Asthmatl cs 
1. 3.48 25.1 42.8 69.9 
2. 4.29 30.9 47.0 66.7 
3. 4.20 30.2 45.3 73.2 
4. 3.61 26.0 43.3 72.0 
mean 3.90 28.1 44.6 70.4 
:!:_SD 0.41 2.9 1.9 2.8 
209 
Table 7.7. Laboratory condit1ons, fluid 1ntake7 and changes in body 
weight and plasma volume for the 2 hour treadmill run at 707. V02 max 
for the asthmat1c and non-asthmatlc athletes. 
Temp. Hum1d1ty Flu1d Weight 7.Change %Change 
"'C r. (mll Loss (kg) Weight Plasma Vol. 
Asthmatics 
1. 22.0 77 279 2.4 -3.6 11.3 
2. 18.6 78 388 1. 75 -2.7 -1.3 
3. 21.0 56 114 2.4 -3.5 -8.5 
4. 19.3 69 233 1.5 -2.5 -10.0 
mean 20.2 70 254 2.0 -3.1 -7.8 
:!;SD 1.6 10 113 0.5 O.b 4.5 
Non-Asthmatl cs 
1. 22.0 59 216 1. 75 -2.9 -4.1 
2. 19.6 70 88 2.5 -3.5 -8.8 
3. 20.3 60 20 2.0 -3.7 -2.8 
4. 21.7 55 306 2.65 -3.5 -7.8 
mean 20.9 61 158 2.0 -3.4' -5.9 
:!;SD 1.1 b 128 0.4 0.3 2.9 
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Table 7.8. The FEV. before and dur1ng the 2 hour treadmill run at 707. V02 
max for the asthmatic and the non-asthmatic athletes. 
Runmng Time tm1nsJ 
Rest W-Up 15. 30' 45' 60' 75' 90' 105' 120' 
Asthmatics 
1. 3.48 3.48 3.36 3.37 3.25 3.20 3.37 3.35 3.40 3.41 
2. 2.85 3.10 2.36 2.38 2.49 2.58 2.40 2.43 2.48 2.54 
3. 3.26 3.09 3.00 2.98 3.02 2.96 3.00 2.92 2.77 3.25 
4. 1.99 2.20 2.21 1.99 1.96 1.86 1.84 1.79 1.86 1.82 
mean 2.90 2.97 2.73 2.68 2.68 2.65 2.65 2.62 2.63 2.76 
:!:.SD 0.66 0.54 0.54 0.61 0.58 0.59 0.67 0.67 0.64 0,73 
Non-Asthmatl cs 
1. 3.11 2.90 2.40 2.52 2.45 2.83 2.82 2.81 2.90 2.79 
2. 5,90 5.51 5.38 5.40 5.52 5,25 5.57 5.26 5.37 5.40 
3. 3.09 2.97 2.92 2.87 2.95 2.98 2.95 2.87 2.96 3.03 
4. 4.27 4.74 4.62 4.62 4.70 4.65 4.76 4.89 4.80 4.87 
. 
mean 4,09 4.03 3.83 3.85 3.91 3.93 4.03 . 3.96 4.01 4.02 
:!:.SD 1.33 1.30 1.40 1.38 1.45 1.21 1. 36 1.30 1.27 1.31 
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Table 7.9. The FEV, recorded for 20 minutes after the 2 hour 
treadmill run at 70% V02 max for the asthmat1c and non-asthmatlc 
athletes. 
T1me 1n Recovery 
Pre Ex. 5 m1n 10 m1n 15 min 20min 
Asthmatics 
1. 3.48 3.53 3.52 3.55 3.55 
2. 2,85 2.00 2.18 2.31 2.65 
3. 3.26 3.25 3.28 3.07 3.18 
4. 1.99 1. 21 1. 38 1.38 1.27 
mean 2.90 2.50 2.59 2.58 2.66 
:!'_SD 0,66 1.09 1.00 0.95 1.00 
Non-Asthmatics 
1. 3.11 3. 10 3,09 3.05 3.00 
2. • 5.90 5.73 5.85 5.84 5.58 
3. 3.09 3. 17 2.97 3.20 2.98 
4. 4.27 4.76 4.62 4.85 4.72 
mean 4.09 4.19 4.13 4.24 4.07 
:!'_SO 1.33 1.28 1. 37 1.35 1.30 
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Table 7.10. Blood lactate concentrations lmMl before and during the 
2 hour treadmill run at 70% V02 max for the asthmatic and 
non-asthmatlc athletes. 
Runmng T1me (minsl 
Rest 15' 30' 45' 60' 75' 90' 105' 120' Trend 
Asthmatics 
1. 0.70 0.94 1.28 1. 07 2.50 0.75 1.91 1.21 1.97 
2. 0.62 1.53 3.70 2.45 2.15 1.53 1. 81 1.35 1.50 
3. 1.68 1. 31 1. 75 2.16 1.06 4.11 1.68 3.64 3.32 
4. 0.89 0.96 1.58 1.17 1.83 1.07 2.90 2.84 2.40 
mean 0.97 1.19 2.08 1. 71 1.89 1.87 2.08 2.26 2.30 ns 
:!:.SD 0.49 0.29 1.10 0.70 0.61 1.53 0.56 1.18 0.77 
Non-Asthmahcs 
1. 0.86 1.95 2.18 2.14 1.19 1.52 1.39 1.54 1.52 
• 2. 0.77 0.99 1.40 1.26 1. 11 1.19 1.55 ~.87 1.51 
3. 0.93 1.56 1.43 1.25 1.37 1.23 1.35 1.39 1.69 
4. 0.95 1.78 3.09 3.32 2.49 2.66 3.40 3.44 3.76 
mean 0.88 1.57 2.03 1.99 1.54 1.65 1.92 1. 81 2.12 ns 
:!:.SD 0.08 0.42 0.80 0.98 0.64 0.69 0.99 0.47 1.10 
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Table 7.11. Blood glucose concentrations <mMI before and during the 
2 hour treadm1ll run at 707. V02 max for the asthmat1c and 
non-asthmatlc athletes. 
Running Time <m1nsl 
Rest 15' 30' 45' 60' 75' 90' 105' 120' Trend 
Asthmatics 
1. 3.99 4.47 4.52 4.32 4.33 4.47 4.11 3.95 3.57 
2. 5.18 5.80 6.15 5.76 5.58 5.23 5.40 5.74 5.68 
3. 5.88 2.96 3.54 4.16 4.34 4.03 4.19 4.32 4.01 
4. 4.46 4.59 4.67 4.71 4.59 4.43 4.15 4.25 4.01 
mean 4.88 4.46 4.72 4.74 4,71 4.54 4.46 4.57 4.32 ns 
:tSD 0.83 1.16 1.08 0.72 0.59 0.50 0.63 o.8o 0.93 
Non-Asthmatl cs 
1. 4.79 4.69 4.67 4.84 4.70 4.65 4.61 4.47 4.71 
• 2. 3.53 4.10 3.82 3.81 3.70 3.61 3.41 3.42 3.27 
3. 4.29 4.93 5.05 5.24 5.09 4.89 4.55 4.38 4.15 
4. 4.31 4.70 4.90 4.79 4.61 4.44 4.4E1 4.12 4.00 
mean 4.23 4.61 4.61 4.67 4.53 4.40 4.26 4.10 4.03 ns 
!_SO 0.52 0.35 0.55 0.61 0.59 0.56 0.57 0.48 0.59 
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Table 7.12. The noradrenaline and adrenal1ne concentrations before 
and after the 2 hour treadmill run at 707. V02 max, for the asthmatic 
and non-asthmatic athletes. 
NA [nmol.l- 1 ] A [nmol.l-1 ] 
Pre Post Change Pre Post Change 
Asthmatics 
1. 1.60 10.27 8.67 0.15 3.06 2.91 
2. 2.02 15.25 13.23 0.33 1.18 0.85 
3. 1. 97 13.75 11.78 0.28 1.23 0.95 
4. 3.10 14.22 11.12 0.20 0.64 0.44 
mean 2.17 13.37 11.20 0.24 1.53 1.29 
;!:.SD 0.65 2.16 1.90 0.08 1.06 1.10 
Non-Asthmatl cs 
1. 2.35 10.01 7.66 0.32 1.17 0.85 
2. • 2.11 14.66 12.55 0.22 2.98 2.76 
. 
3. 2.50 13.29 10.79 0.17 1.22 1.05 
4. 2.45 19.64 17.19 0.27 . 1. 31 1.04 
mean 2.35 14.40 12.05 0.25 1. 67 1.43 
;!:.SD 0.17 4.00 3.98 0.07 0.88 0.89 
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Table 7.13. The changes 1n the physiological varlables, V02, HR, 02 
pulse, VC02 and R, during the 2 hour run at 707. V02 max for the 
asthmat1c and non-asthmatlc groups. 
Runn1ng Time (minsl 
Rest 15' 30' 45' 60' 75' 90' 105' 120' 
vo2 (ml, kg. -•mln-•) 
Asthmatics 
mean 3.48 38.2 38.6 39.7 39.3 39.9 40.1 40.0 40.4 ........ , 
'!:,SD 0.36 2.E! 4.0 3.3 3.7 3.4 4.4 4.2 5.5 
Non-Asthmah cs 
mean 2.59 43.7 44.2 44.2 44.4 44.9 44.9 45.1 45.3 ... 
'!:_SD 0.44 1. 3 1. 3 1. 7 2.7 2.3 2.6 2.4 2.1 
Heart rate (b. mln-1) 
Asthmatics 
mean 142 147 148 149 151 154 156 159 ....... 
'!:_SO 6 7 6 6 7 8 7 7 
Non-Asthmatl cs 
mean 153 156 158 158 160 162 163 166 ....... , 
'!:,SO 4 6 5 3 4 5 6 4 
Oxygen Pulse <ml. beat-• l 
Asthmat1cs 
mean 17.5 17.1 17.5 17.2 17.2 16.9 16.7 16.5 ...... d 
'!:_SO 1.8 2. 1 2.2 2.2 2.0 2.0 2.2 2.3 
Non-Asthmatl cs 
mean 18.9 18.7 18.5 18.5 18.5 18.2 18.2 17.9 ***cl 
'!:_SO 3.8 3,5 3.6 3.5 3.6 3.6 3.7 2.9 
vco2, <ml. kg. -•mln-1) 
Asthmatics 
mean 2.91 33.3 33.9 33.6 33.6 34.6 34.4 34.3 34.5 ..... 
'!:,SO 0.39 3.0 3.8 3.3 3.7 3.4 3.9 3.5 4.5 
Non-Asthmatics 
mean 2.20 38.6 38.5 38.5 38.5 38.6 39.0 39.2 40.0 ***i. 
'!:_SO 0.51 2.5 2.8 2.9 3.4 3.1 2.7 2.1 2.9 • 
R 
Asthmatics 
mean 0.834 0.870 0.878 0.846 0,854 0,865 0.858 0.857 0.855 
'!:,SO 0.053 0.023 0.025 0.021 0.027 0,030 0.007 0.029 0.022 
Non-Asthmatics 
mean 0.847 0,884 0.870 0,870 0.867 0.859 0,869 0.870 0.883 
'!:_SO 0.094 0.040 0.042 0.035 0.038 0,047 0.045 0.022 0,048 
Page trend analys1s: " p<O. 05, "" p<0.01, ...... p<O, 001 
l : 1ncrease c1 : decrease 
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Table 7.14. The changes in the physiological var1ables, Va, 
vent1latory equivalent, Bf, Vt and Vt I FEV 1 ratio, dur1ng the 2 hour 
run at 70% VOa max for the asthmatic and non-asthmatic groups. 
Runmng T1me lm1nsl 
Rest 15' 30' 45' 60' 75' 90' 105' 120' 
Va ll.mln-• BTPSl 
Asthmatics 
mean 11.4 71.5 72. 1 73.6 72.7 73.4 71.5 73.7 74.9 
t_SD 1.0 10.3 11.6 12.2 12.6 12.0 12.0 12.6 13.5 
Non-Asthmatics 
mean 9.2 82.3 82.3 83.1 84.4 85.6 84.7 86.2 87.6 
t_SD 1. 5 11. 1 11.8 12.7 13.0 12.0 11.3 10.4 9.5 
Ventilatory Equ1valent (1) 
Asthmatics 
mean 41.7 23.7 23.7 23.5 23.4 23.3 22.6 23.3 23.5 
t_SD 4.5 0.8 0.7 1. 1 1.0 1.0 0.8 0.9 1. 2 
Non-Asthmatics 
mean 45.4 23.9 23.6 23.9 24.1 24.2 24.0 24.3 24.6 
t_SD 6.3 2.6 2.5 2.9 2.6 2.6 1. 9 2.5 1.0 
Breathing Frequency lbreaths.mln-•) 
Asthmatics 
mean 13.5 32.0 33.0 33.8 34.0 33.8 33.5 34.5 34.8 
t_SD 3.9 6.5 5.9 7.5 8.2 6.7 7.3 7.3 5.9 
Non-Asthmatics 
mean 16.1 42.0 43.3 42.0 44.5 44.8 45.0 46.3 46.8 
t_SD 4.0 13.0 13.0 14.1 11.4 '12. 7 8.8 12.0 10.2 
Vt n- STPDl 
Asthmatics 
mean o. 748 1.862 1.811 1.821 1. 789 1.806 1. 778 1. 776 1. 778 
t.SD 0.265 0.120 0.113 0.138 0.148 0.100 0.123 0.142 0.116 
Non-Asthmatics 
... 
..... 
... 
***' 
mean 0.496 1. 727 1.663 1. 756 1.649 1.679 1.605 1.627 1.615 *d 
t_SD 0.171 0.551 0.486 0.557 0.501 0.530 0.404 0,501 0.449 
Vt I FEV, % 
Asthmatics 
mean 33.1 85.7 85.2 86.0 86.1 87.1 87.2 86.0 82.7 
t_SD 14.8 21.7 19.9 23.8 26.7 24.6 26.8 22.9 23.0 
Non-Asthmatics 
mean 14.7 55.3 53.3 55.4 50.9 50.9 50.1 49.3 49.2 
t_SD 1.8 2.9 5.5 6.8 2.9 4.7 4.7 4.0 4.1 
Page trend analys1s: * p<0.05, "" p<0.01, """ p<0.001 
• : increase d : decrease 
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7.4 D1scuss1on. 
The -card1o-resp1ratory and metabolic responses to the two hour 
treadmill run at 707. V02 max were s1m1lar, both absolutely and over 
time, for the asthmatics taking pre-exercise medication and the 
non-asthmatics. However, there were subtle differences in the pattern 
of breathing between the two groups which may be assoc1ated with 
airflow obstruction. The response of the lung function to the 
prolonged run was also different for the asthmatiC and non-asthmatic 
groups. 
7.4.1 Card1o-Resp1ratory Responses to the 2 Hour Run. 
The select1on of the runn1ng speed to elic1t 70% V02 max was 
successfully obta1ned for both groups. The oxygen uptake, however, 
showed s1gn1f1cant Increases over t1me for both the asthmatiC (7.1%) 
and non-asthmatiC (3.67.) groups. Th1s increase in the oxygen demands 
as runn1ng IS prolonged IS cons1stent w1th the results from other 
Investigators !Salt1n and Stenberg 1964 1 Martin et al 1991 1 MacDougall 
et al 1974). A var1ety of reasons have been put forward to explain 
th1s apparent decrease 1n mechan1cal efficiency during prolonged 
exercise. Firstly, if there IS an Increased ut1l1sation of fat to meet 
the energy demands as exerc1se 1s prolonged, an Increased amount of 
oxygen would be requ1red for 1ts metabolism and energy release 
!Hartley 1977). However, the respiratory exchange ratio d1d not show a 
downward trend for either group, indicating that an ~~crease in fat 
metabolism over t1me 1s not a l1kely explanation for the increase in 
oxygen uptake. Secondly, an Increased energy need for peripheral 
circulation and sweat gland act1v1ty for thermoregulatory control as 
exerc1se 1s prolonged may lead to a higher oxygen uptake <MacDougall 
1974). However, 1t IS 1mposs1ble to assess the oxygen cost 
act1v1t1es. Thirdly, a loss of mechanical coordination w1th 
for these 
fatigue as 
exerc1se IS prolonged, Will lead to the recruitment of less efficient 
muscle f1bres (Rowel! 1969). Fourthly, Increased energy demands of the 
respiratory muscles to supply a greater ventilation as exerc1se is 
prolonged, may increase the oxygen uptake. The Increased airway 
obstruction dunng the 2 hour run for the asthmatic group, as 1mphed 
by the lowering of the FEV., may lead to a higher oxygen uptake of the 
respiratory muscles, wh1ch could explain why the asthmatics 
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exper1enced a slightly greater increase in oxygen uptake, than the 
non-asthmatlc group. 
The absolute vent1lat1on rate, while running at 707. V02 max, was 
lower for the asthmat1c group compared 
However, there was no d1fference 
to the non-asthmatic group. 
between the groups when the 
vent1lat1on rate was expressed as a percentage of max1mum vent1lation. 
The asthmat1c and non-asthmatlc groups both showed 'ventilatory dr1ft' 
over the 2 hour run, as 1llustrated by the trend for s1gn1ficant 
1ncreases 1n vent1lation rate over time. The 'ventilatory dr1ft' was 
not as pronounced as that observed by one invest1gat1on (Hanson et al 
1982), although two stud1es have not observed any change dur1ng 
prolonged steady state runn1ng (Sawka et al 1980, Gass et al 1983). 
Mart1n et al (1981) suggested that such increased vent1lat1on led to 
more 'wasteful breath1ng' for a g1ven gas exchange. However, both the 
asthmatic and non-asthmat1c groups showed not only an 1ncreased 
vent1lat1on, but also an 1ncreased oxygen uptake, so that the 
vent1latory equ1valent was essent1ally unaltered over the 2 hour 
per1od. Th1s agrees W1th the work of Mart1n et al (1981) who suggested 
that an 1ncrease in ventilation rate w1th t1me may be attr1buted to 
the 1ncreased metabol1c demands of the muscle, and that the 1ncrease 
1n vent1lat1on 1s a consequence of the 1ncreased oxygen uptake. 
The 'vent1latory dr1ft' over the 2 hour run was not as marked for 
the asthmat1cs (4.67.) compared to the non-asthmat1cs (6.97.). The 
1ncreased vent1lat1on in the non-asthmatic group was associated w1th a· 
s1gnif1cant increase 1n breath1ng frequency, wh1lst tidal volume was 
sign1f1cantly reduced over t1me. This 1s consist~nt with the 
ventilatory pattern descr1bed by Hanson et al (1982) 
non-asthmat1cs dur1ng prolonged runn1ng. The smaller,' but s1gnif1cant 
1ncrease 1n the vent1lat1on rate over t1me for the asthmat1c group, 
was assoc1ated with a s1gn1f1cant 1ncrease 1n breathing frequency w1th 
no change 1n t1dal volume. It 1s postulated that the asthmat1c group 
have to ma1nta1n more 'control' over the1r breath1ng patterns because, 
due to a1rway obstruction, asthmat1cs find it more d1ff1cult to 
1ncrease breathing frequency 1f vent1lat1on 1s to be 'effect1ve'. 
The asthmat1c and non-asthmat1c groups have s1milar absolute tidal 
volumes, although the frequency of breath1ng 1s slower for the 
asthmat1c group. Indeed, the t1dal volume expressed as a percentage of 
the FEV. was h1gher for the asthmat1cs compared to the non-asthmatics, 
and thus to atta1n the same t1dal volume to allow eff1c1ent gas 
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exchange, breath1ng frequency 1s slower. The vent1latory equivalent 
was s1m1lar for both groups, thus 1nd1cat1ng that the pattern of 
breath1ng developed by the asthmatics 1s as effic1ent at gas exchange 
as that of the non-asthmat1cs. Th1s slower pattern of breath1ng 
'developed' by the asthmatic 1s in all probab1l1ty an adaptat1on to 
overcome the1r a1rway obstruct1on. 
The asthmat1c group had a lower heart rate dur1ng the 2 hour run 
compared to the non-asthmat1cs. However, when expressed as a 
percentage of the max1mum heart rate there were no differences between 
the groups. In add1t1on, both groups showed 'card1o-vascular dr1ft' as 
1nd1cated by a h1ghly s1gn1f1cant 1ncrease 1n heart rate of 17 and 13 
beats per m1nute over the 2 hours for the asthmat1c and non-asthmat1c 
groups, respect1vely. These 1ncreases in heart rate were s1m1lar to 
that observed by Sawka et al 11979) for well trained runners. Th1s 
1ncrease 1n heart rate 1s thought not to be due to increased exerc1se 
intens1ty, but due to the shunt1ng of blood to the subcutaneous 
vessels for thermoregulation IRowell 1974). 
To offset the loss of flu1d associated w1th the thermoregulatory 
process of sweat1ng the 1ntake of fluid is encouraged dur1ng exercise. 
However, 1n the l1ght of the recommendation by Sincla1r et al 11983) 
to dr1nk 1 l1tre per hour of endurance exerc1se, the asthmat1cs and 
non-asthmatlcs drank very l1ttle water during the 2 hour run. Insp1te 
of th1s low fluid intake, dehydration, def1ned as a reduction 1n body 
we1ght of 4% IAstrand and Salt1n 1964>, was not exper1enced by any 
athlete, asthmat1c or non-asthmatlc. However, 1t 1s the reduct1on in 
' plasma volume as a result of the fluid loss that ma~ have profound 
phys1olog1cal consequence. Although Myhre et al 11984> stated that 
plasma volume will be ma1ntained as long as the'water defic1t is 
l1m1ted to approx1mately 4% of body we1ght, both groups did exper1ence 
a reduct1on 1n plasma volume. The observed changes 1n the plasma 
volume were of a s1milar magn1tude to those prev1ously reported by 
Sawka et al 11980) for tra1ned athletes after s1milar exerc1se. A fall 
1n plasma volume leads to a reduct1on in the ventr1cular filling 
pressure, wh1ch 1n turn w1ll reduce the venous return and the stroke 
volume. Thus 1n order to mainta1n the cardiac output, a compensatory 
r1se in heart rate has been observed dur1ng the 2 hour run for both 
groups. 
The s1m1lar card1o-resp1ratory responses, both absolutely and over 
t1me, to the 2 hour constant paced run at 70% V02 max would suggest 
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that well tra1ned asthmatics are not at an inherent disadvantage 1n 
endurance runn1ng compared to non-asthmatics. The slower breathing 
frequency dur1ng runn1ng at the same 7.V02 max may be an adaptive 
response to the airflow obstruction of the asthmatic. 
7.4.2 Metabolic Responses to the 2 Hour Run. 
The asthmatics and non-asthmatics have, 1n add1t1on, shown s1m1lar 
metabolic responses both absolutely and over t1me. 
With Increased durat1on of exercise, as glycogen stores are 
reduced, a sh1ft towards the metabolism of fat may occur. Over the 2 
hour run, however, there was no significant reduction 1n the 
respiratory exchange rat1o <Rl for either group, ind1cat1ng that the 
glycogen stores were not markedly reduced w1th the 2 hour run at 707. 
VD2 max. In add1t1on, there was no difference 1n the response of the R 
value between the groups. Thus the similar respiratory exchange ,ratio 
between the groups, reflects a similar abil1ty to metabolise 
carbohydrate and free fatty acids of the asthmatic and non-asthmatic 
athletes. The results of the present study do not support the work of 
Barb on ak et al ( 1973) wh1 eh suggested that asthmatics have an 
1mpa1red ab1l1ty to metabolise free fatty ac1ds. 
There was no apparent difference in the response of blood glucose 
dur1ng the 2 hour run for the asthmatic and non-asthmatic groups. In 
add1t1on there was no ev1dence of hypoglycaemia at the end of exercise 
as defined by a blood glucose concentration of less than 2.SmM <Felig 
et al' 1982>, for any of these athletes. This agrees with, the work of 
Hall et al (1983) and Cost1ll (1970al who have not observed 
hypoglycaemia dunng prolonged running. Indeed, 1t has' been suggested 
that tra1ned athletes have a better glucose tolerance than untrained 
1ndiv1duals ow1ng to a greater sens1t1v1ty of the cell membranes to 
1nsul1n, enabl1ng a better regulation of blood glucose. 
Blood lactate concentrations were s1m1lar for the well-tralned 
asthmatic and non-asthmatic athletes runn1ng at the same relative work 
load. Th1s f1nd1ng supports the suggestions of McFadden (1984al, that 
any differences 1n the blood lactate concentration observed between 
asthmatic and non-asthmatic groups, are more likely to be due to 
differences in f1tness rather than the asthma per se. The blood 
lactate concentrations were low for the entire 2 hour run, w1th no 
s1gn1f1cant Increase or decrease over time for either group, 
232 
1nd1cat1ng that blood lactate is not necessarily associated w1th 
fat1gue 1n endurance runn1ng under these conditions. 
Ther~ were no differences 1n the response of the catecholamines, 
for the asthmatic and non-asthmatiC groups. Both groups showed a f1ve 
fold increases from resting values for adrenaline and noradrenaline 
over the 2 hour run. Thus, although prev1ous investigators have 
suggested that asthmatics have Impaired adrenal response to exercise 
<Barnes 1981b, Re1nhardt et al 19801, the results of th1s study 
suggest that the response of the asthmatic taking pre-exerc1se 
med1cat1on, IS not different from non-asthmatics exercising at the 
same relative exerc1se intensity. 
The s1m1lar responses to the 2 hour run at the same relative 
exerc1se intensity documented above, again g1ve support to the 
argument that the asthmatiC 1s not metabol1cally disadvantaged when 
part1c1pat1ng 1n prolonged runn1ng. 
7.4.3 The Response of the Lung Function to the 2 Hour Run. 
Although there were no maJor dlfferPnces 1n the cardio-respiratory 
and metabolic responses to the 2 hour run, there were differences 1n 
the response of the lung function between the 
non-asthmatiC groups. 
asthmatic and 
Despite pre-exerc1se med1cat1on, two of the asthmatics experienced 
a large fall 1n the FEV1 after the 2 hour run. The fall In the FEV1 
was s1m1lar to that experienced following short term (8 minutes) 
exerc1se when non-medicated, The suggestion of S1lverman and Anderson 
<1972> that EIA may decl1ne w1th increasing duration of exercise, thus 
cannot be supported. Therefore, for these two asthmatiCS the 
med1cat1on taken pnor to the 2 hour run was not adequate for the 
severity of their asthma. Th1s could be due to a' function of either 
the dosage or the durat1on of act1on of the med1cat1on. Ne1ther 
athlete experienced the asthma dur1ng the run, and thus 1t was not 
possible to exam1ne the effect of bronchoconstrlctlon 
phys1olog1cal responses dur1ng exerc1se. 
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on the 
7.5 Summary. 
The asthmatic and non-asthmatic groups showed s1m1lar cardiac, 
vent1latory and metabolic responses to a prolonged run at 707. V02 max. 
The asthmatics, however, had slower breathing frequencies than the 
non-asthmatics. This IS likely to be an adaptation to the a1rway 
obstruction wh1ch helps the asthmatic to part1c1pate alongside the 
non-asthmatic 1n endurance runn1ng. The phys1olog1cal responses dur1ng 
prolonged constant speed runn1ng do not suggest any reason why the 
performance of the asthmatic should be Impaired. However, the fall in 
the FEV, after exercise of two of the asthmatics, despite tak1ng 
pre-exerc1se med1cat1on, 1mpl1es that the asthmatic IS at some r1sk 
when partic1pat1ng 1n endurance runn1ng. 
' 
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CHAPTER B 
THE EFFECT OF ENDURANCE RUNNING TRAINING ON ASTHMATIC ADULTS. 
B.! Introduct1on. 
Asthmat1cs may have an impa1red max1mal response to exerc1se as 
1nd1cated by the compar1son between the untra1ned asthmat1c and 
non-asthmatic groups 1n Chapter 4, A fear of provoking 
exerc1se-1nduced asthma may also lead to 1nact1v1ty, which as for 
non-asthmatics, would 1mpa1r the cardio-resplratory response to 
max1mal exerc1se <McFadden 1984a), However, the results of Chapter 5 
would suggest that asthma does not preclude the development of good 
endurance f1tness w1th the appropr1ate tra1n1ng. Indeed, phys1cal 
tra1mng 1 w1th the use of pre-exerclse asthmatic med1cation 1 1s now 
recommended 1n the management of asthma to improve the 
card1o-resp1ratory fitness <Holgate 1983). 
Stud1es on the effect of phys1cal train1ng on the asthmat1c adult 
have 1llustrated the safety and 1mprovement 1n phys1cal fitness after 
tra1n1ng compr1sing general sports and cal1sthenics (Itkin and Nacman 
1966); c1rcu1t tra1n1ng lH1rt 1964>; and h1gh 1ntens1ty, intermittent 
exercise !Afzel1us-Fr1sk et al 1977), However, such activit1es are 
more hkely to lead to ga1ns 1n strength and muscular coord1nation 
rather than 1n card1o-resp1ratory f1tness 1 compared to act1v1ty of a 
continuous nature. Although the benefic1al effects of continuous 
acu v·, t1 es, such as endurance sw1mm1ng lF1 tch et al 1976) and 
endurar.ce runmng !N1ckerson et al 1983) 1 have been documented for 
asthmat1c ch1ldren 1 the benef1t and safety of cont1nuous exercise have 
not been exam1ned for prev1ously sedentary asthmat1c adults. 
Insp1te of the part1c1pat1on of a number of asthmat1cs 1n endurance 
runn1ng, 1t 1s the least preferred sport for several reasons. Act1vity 
of a cont1nuous nature, such as d1stance runn1ng, 1s more l1kely ~o 
provoke EIA than ach v1 ty of an 1 nterm1 ttent nature <Mort on et al 
1982). In add1t1on, the inc1dence and sever1ty of EIA 1s greater after 
runn1ng when compared to other forms of exercise such as sw1mm1ng and 
cycl1ng (Bar-Y1shay et al 1982>. However, there 1s no d1fference 1n 
the seventy of EIA for runmng and sw1mming when these acbv1bes are 
compared us1ng pre-exerc1se med1cat1on (Schnall and Landau 1982>. 
The tra1n1ng 1ntens1ty required to 1mprove the card1o-respiratory 
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f1tness may provoke EIA 1n the untreated asthmat1c. Therefore, 
effective tra1n1ng 1ntens1t1es may be h1ndered by the EIA they provoke 
!Svenon1us et al 1983). To prevent tra1n1ng be1ng l1mited by EIA, the 
asthmat1cs should therefore be encouraged to take appropr1ate 
med1cat1on pr1or to tra1n1ng sess1ons !Ose1d and Haaland 1978!. 
The r1se 1n both the rate and depth of vent1lat1on w1th phys1cal 
act1v1ty 1s a maJor cause of exerc1se-1nduced asthma in asthmat1c 
1nd1v1duals. Phys1cal tra1mng may reduce the venhlahon rate at 
submax1mal runn1ng speeds 1n the non-asthmatlc <Astrand and Rodahl 
1977!. If asthmat1cs show such adaptat1ons to physical tra1ning, a 
benefic1al effect on the condit1on of EIA lS poss1ble, although 
prev1ous 1nveshgahons have y1elded conflicting results. Some ,reports 
have suggested a reduct1on 1n the sever1ty of EIA <Oseid and Haaland 
1978, Henr1ksen et al 1981b) wh1lst others have reported no change 
!N1ckerson et al 1983 1 Bundgaard et al 1982bl. 
The present study e>:aml ned the effect of short-term endurance 
runn1ng tra1n1ng 1 w1th pre-exerclse med1cation, on the 
card1o-resp1ratory f1tness and the degree of EIA 1n asthmatic adults. 
The1r responses were compared to a group of non-asthmatic adults 
perform1ng s1m1lar tra1n1ng. The durat1on of the tra1n1ng was selected 
as only 5 weeks because the maJor physiological changes are shown to 
take place 1n the flrst few weeks of tra1mng. 
B. 2 Methods. 
8.2.1 SubJects. 
S1xteen asthmahc adults, 18 to 38 years (mean ag!' ±. SD, 24.9 + 
7.4 years) compr1sing 9 males and 7 females volunteered for the study 
to 1nvest1gate the effect of endurance runn1ng tra1n1ng on the 
untra1ned asthmat1c. S1x healthy, but relatively untra1ned students 
with no prev1ous h1story of asthma, served as the control group. None 
of the subJects, asthmat1c or non-asthmatlc 1 were currently engaged 1n 
endurance runmng tra1 mng, although several of the subjects from each 
group took part 1n some form of ach v1 ty. 
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8.2.2 Pre- and Post-Tra1n1ng Laboratory Testing. 
To do~ument the physiolog1~al ~hanges asso~1ated w1th enduran~e 
runn1ng tra1n1ng, the three treadm1ll tests des~r1bed in the General 
Methods <Chapter 3l, were performed by ea~h subje~t before and after 
the f1ve week per1od of treadm1ll runn1ng tra1n1ng. These tests were 
the max1mum oxygen uptake test, the 'speed-la~tate' test at a senes 
of submax1mal speeds and the test for EIA. The test Wlthout med1~at1on 
was 'performed at the same absolute 
post-tralmng. 
runmng speed pre- and 
A fourth treadm1ll test was a two mile (3.2Kml treadm1ll t1me 
trial, performed before and after the per1od of runn1ng tra1n1ng. For 
this test, the speed of the treadm1ll was ~ontrolled by the,subJe~t 
us1ng a hand held sw1t~h. Deta1ls of the runn1ng speed, d1stan~e 
~overed and tlme elapsed were v1s1ble on the s~reen of a 
m1~ro~omputer. E>:p1red a1r ~olle~hons and heart rate re~ord1ngs were 
made every half m1le (0.8Kml. From the oxygen uptake data, an average 
'l.V02 max ut1l1sed throughout the run was ~al~ulated. 
8.2.3 Enduran~e Runmng Tra1ning. 
The enduran~e runmng tra1mng was performed three t1mes per week 
on the treadm1ll for a 5 week penod. The speed of the treadm1ll ~ould 
be altered USlng a hand held SWlt~h, 50 that 1nd1v1duals tra1ned at 
'self selected' speeds. SubJects were en~ our aged to run at a 
~ontlnuous pa~e almlng to lmprove thelr 'enduran~e·, as represented by 
d1stance ~overed or tra1n1ng t1me. For ea~h training sess1on the 
• d1stance run, t1me elapsed and the runn1ng speed were ava1lable on the 
screen of a m1crocomputer, as used for the two-m1le t1me tr1al. The 
use of pre-exerc1se asthmat1c med1cat1on pr1or to each tra1ning 
sess1on was en~ouraged. 
For ea~h tra1n1ng sess1on, the lung fun~t1on was recorded 
pre-exerclse !w1th and w1thout med1~at1onl and at 7-10 m1nutes post 
e>:er~lse. The seventy of the asthma was ~a! ~ul ated as the percentage 
fall of FEV 1 from the basel1ne readings re~orded w1thout asthmat1~ 
med1 catl on. 
SubJects were encouraged not to alter their habitual level of 
act1v1ty, and to perform the runn1ng tra1n1ng 1n add1tion to other 
act1v1t1es 1n wh1ch they normally part1c1pated. Furthermore, subJects 
were asked not to alter the1r prophyla~t1c asthmat1c treatment for the 
durat1on of the study. 
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8.2.4 D1ary Cards. 
Da1ly d1ary cards record1ng morn1ng and even1ng peak flows before 
the1r med1cat1on, the sever1ty of asthma that day, and th use of 
asthmatic med1catlon were completed by a number of asthmatics dunng 
the tra1n1ng study. 
8.2.5 Stat1stics. 
A pa1red 't' test was used to exam1ne the s1gnificance of any 
changes after tra1n1ng for the asthmatiC and non-asthmatic groups. The 
Pearson product moment correlation was employed to examine any 
relationshlps between the training-induced changes. 
8.3 Results. 
8.3.1 SubJect W1thdrawals. 
S1xteen asthmatic adults (9 males, 7 females) started the runn1ng 
tra1n1ng study, whereas only n1ne (3 males, 6 females) completed the 
ent1re programme. The n1ne who completed the study were not 
s1gn1ficantly d1fferent from the group of seven who d1d not, 1n terms 
of max1mum oxygen uptake or seventy of asthma. The V02 max for the 
group complet1ng the study was 40.9 ~ 8.2 ml.kg.- 1 mln-•, wh1ch was 
sl1ghtly lower than the value observed for those not complet1ng the 
study <45.3 + 7.3 ml.l:g.- 1 mln-•J. The seventy of EIA, after the 
runn1ng test w1thout medication, was however less severe for those 
compl~t1ng the study compared to those not completJng the study, 
although the difference was not sign1f1cant (26.4 ~ 11.7 vs 38.3 + 
17.9% fall FEV 1 l. Although one subJect had to cease. endurance runn1ng 
trainlng due to an exacerbat1on of h1s asthma caused by 1nfection, 
factors other than asthma accounted for the subJect w1thdrawals. Lack 
of t1me (2l, m1nor 1nJur1es (2) and poor motivation (2) were the major 
reasons for the reduction 1n subJect numbers. 
8.3.2 Phys1cal Charactenshcs of the SubJects. 
The physical character1stics for the nine asthmatic and s1x 
non-asthmatic subJects who completed the study are shown 1n Table 8.1. 
The FEV. for the asthmat1c group was 87.6% of the predicted normal 
values. In accord w1th the categor1sat1on of the sever1ty of asthma by 
Cropp and Tanakawa (1977>, the abnormalities in the resting pulmonary 
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function were categorised as 'normal' in 6, 'mild' in 2 and 'moderate' 
in 1. The non-asthmatics had 'normal • lung function in accord with the 
above categorisation. 
Table 8.2 shows the duration of asthma, current medication, and 
the severity of EIA for the 9 asthmatics who completed the training 
study. Each subJect demonstrated EIA as defined as greater than 107. 
fall in the post-exercise FEV. !Anderson et al 1983>, with the group 
mean showing a 26.47. fall in the FEV.. Seven out of the n1ne 
asthmatics were taking regular maintenance and pre-exercise asthmatic 
medication, although the other two did not take any regular or 
pre-exercise medication for their asthma. 
8.3.3 Endurance Running Training - Quantity and Duality. 
Details of the quantity and qual1ty of tra1n1ng for each subJect 
are shown 1n Table 8.3. The total distance run dur1ng the 5 week 
tralning period for the asthmatic group (35.4 ~ 15.9 m1les or 57.0 + 
25.6 km) was not s1gnif1cantly d1fferent from that of the 
non-asthmahc group !38.3 ±. 7.0 miles or 61.6 ±. 11.3>. In addihon, 
the average tra1mng intensity, e>:pressed as a percentage of the 
pre-tra1n1ng V02 max, was not s1gnificantly d1fferent for the two 
groups. As a result of this tra1n1ng various physlological changes 
were recorded: 
8.3.4 Physiological Changes after Endurance Runn1ng Train1ng. 
' (a) Max1mal Test. Table 8.4 shows the results from the ~aximum oxygen 
uptake test. Run t1me !minsl to 'exhaust1on' 1ncreased s1gn1ficantly 
for both the asthmahc and non-asthmatic groups.' Max1mum oxygen 
uptake, 1ncreased s1gn1f1cantly !p<0.05l by approx1mately 7 percent 
for both groups, although there was a large range of improvement from 
no change up to 247. as a result of the traimng. There were no 
statistically Sign1f1cant changes in maximum ventilation and maximum 
heart rate. 
!bl Submaximal Test. Blood lactate concentration was reduced at a 
range of submaximal runn1ng speeds for the asthmatic group !Figure 
8.1al, but only at the fastest running speed for the non-asthmatlc 
group !Figure 8.1bl. However, the blood lactate concentrations 
expressed in relation to the new V02 max, were not different for 
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e1the~ g~oup CF1gu~es 8.2a and 8.2bJ. To analyse these changes 
tu~the~, the ~unn1ng speed, oxygen uptake, and %V02 max at a ~efe~ence 
blood lactate concent~at1on of 2mM we~e calculated, befo~e and afte~ 
t~a1n1ng to~ each subJect <Table 8.5J. The ~unn1ng speed at wh1ch 2mM 
blood lactate accumulated had 1nc~eased sign1f1cantly afte~ t~a1n1ng 
fo~ the asthmat1cs Cp<0.01J. Th1s compa~es ve~y favou~ably w1th the 
smalle~ and non-s1gn1f1cant 1nc~ease of the non-asthmat1c g~oup. 
Howeve~, the %V02 max at wh1ch 2mM blood lactate accumulates was not 
s1gn1f1cantly d1ffe~ent fo~ e1the~ the asthmat1cs o~ non-asthmatics 
afte~ t~a1n1ng. 
In add1tion the asthmat1c g~oup showed a s1gn1ficant Cp<0.01J 
dec~ease 1n hea~t ~ate at submax1mal ~unning speeds afte~ t~a1n1ng, 
whe~eas the non-asthmatlc g~oup only showed a s1gn1f1cant change at 
the htghest ~unn1ng speed CFtgures 8.3a and 8.3bl. The ventilat1on 
~ates we~e sl1ghtly ~educed eve~ the ~ange of submaximal speeds, 
although the d1ffe~ences we~e not s1gn1f1cant for e1the~ the 
asthmat1cs o~ non-asthmatlcs CF1gu~es 8.4a and 8.4bJ. In addit1on, the 
oxygen uptake at a range of submax1mal ~unntng speeds were 1dent1cal 
befo~e and afte~ t~a1n1ng fo~ both g~oups CF1gu~es 8.5a and 8.5bJ. 
SubJecttvely, as rated by the Bo~g C1973J scale, the submax1mal speeds 
we~e pe~ce1ved as s1gn1f1cantly easie~ by the asthmatic g~oup afte~ 
t~a1n1ng, whereas no d1fference was reco~ded by the non-asthmatic 
g~oup. 
Cc) 3.2 Km (2 m1lesJ Pe~fo~mance Test. The ~esults f~om the 3.2Km 
• performance test are shown 1n Table 8.6. The a?thmatlc and 
non-asthmatlc groups s1gn1f1cantly Cp<0.01J ~educed the1r 3.2Km 
treadm1ll performance t1me. In add1t1on to be1ng able to run the 2 
m1les faster CF1gure 8.6al, both g~oups were able to sustain a 
s1gn1f1cantly h1gher %V02 max after tra1ning CF1gure 8.6bl. 
Cdl Exe~c1se-Induced Asthma. Table 8.7 shows the phys1ological 
demands of the runn1ng test performed w1thout asthmat1c med1cat1on by 
the asthmat1c g~oup. The test was perfo~med at the same absolute speed 
before and after tra1n1ng. However, the test demanded a s1gn1f1cantly 
lower %V02 max, vent1lat1on and heart rate afte~ tra1n1ng, thus 
reflect1ng the tmproved f1tness of the asthmat1c group. However, the 
degree of EIA expe~1enced after runn1ng was not s1gn1f1cantly changed 
(Table 8.8>, the greatest percent fall 1n the FEV 1 be1ng 26.4 ~ 11.6 
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i. pre-tratntng, compared to 23.0 ~ 17.5 i. post-tra1n1ng <F1gure 8.7). 
An examtnatton of the tndtvtdual data revealed that 7 out of the 9 
asthmat1cs showed a reduct1on tn the degree of EIA. However, the other 
2 asthmat1cs showed large tncreases 1n the severity of EIA whtch may 
have been due to the adverse affect of a per1od of cold weather, or 
more probably due to modiftcattons 1n the asthmat1c treatment of these 
two tndtvtduals. One of the asthmatics (6), under the supervtston of 
her general pract1t1oner 1 stopped taktng beclomethasone-dtproptonate 
<Becotlde) for two weeks 1n the m1ddle of the tra1ning pertod. 
Although she restarted the Becottde pr1or to the post-traintng tests, 
the 1nteruption of treatment seemed to adverse! y affect her asthma. 
The other asthmattc subJect exper1enc1ng an 1ncrease 1n the sever1ty 
of EIA (4) voluntartly reduced the da1ly and pre-exercise use of 
sod1um cromoglycate. Instead she prefered to use salbutamol, as th1s 
gave more immed1ate rel1ef. The alterat1on in the treatment reg1mes of 
these two asthmat1cs may explatn thetr greater severtty of EIA when 
runn1ng w1thout med1cat1on. 
The changes 1n the degree of 
explatned by changes ln vo2 max 
EIA after tra1n1ng could not be 
(r=0.184l, by changes in the 
vent1lat1on rate requ1red to complete the non-medtcated runn1ng test 
<r=-0.300), or by changes 1n blood lactate accumulat1on at submaximal 
runn1ng speeds <r=-0.278), 
(e) Lung Function. Table 8.9 shows lung function parameters of VCr 
FEV 1 , FEV,/FVCi. and PEFR, of the asthmat1c and non-asthmattc groups 
before and after tra1n1ng. There was no s1gn1f1cant di~ference 1n any 
of these parameters after tra1n1ng for either the asthmatic or 
non-asthmah c groups. 
8.3.5 Responses of the Lung Funct1on to Endurance Runn1ng Training 
Sesstons. 
Table 8.10 shows the pre-exerctse medicat1on taken before each 
train1ng sess1on. In add1t1on, the mean FEV 1 recorded before <with and 
w1thout pre-exerctse medtcationl and after each tra1n1ng sess1on 1s 
shown for each asthmattc, The two asthmat1cs not tak1ng pre-exerctse 
med1cat1on, showed a s1gn1ficant degree of EIA. In add1t1on 1 three 
asthmattcs on pre-exerctse medicat1on showed s1gn1ficant decreases 1n 
FEV, after tra1n1ng sesstons, although the sever1ty of EIA was not as 
great as when runn1ng w1thout medtcatton. Therefore, 1t ts evtdent 
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that the pre-e>:erc1se med1cation tal:en by these two subJects d1d not 
totally 1nh1b1t an asthmat1c response. 
The changes 1n the FEV1 values after each tra1n1ng sess1on for the 
asthmat1cs are Illustrated as a h1stogram 1n F1gure 8.8, showing a 
'normal' type d1str1but1on. On a few occas1ons the fall 1n the FEV, 
after tra1n1ng was marked. The EIA provoked was always successfully 
reversed by the use of salbutamol taken from an 1nhaler or from a 
'spacer' dev1 ce. 
One subJect (3) performed half of h1s tra1n1ng sess1ons on the 
treadm1ll and half of h1s tra1n1ng sess1ons outs1de, all w1thout 
pre-e>:erclse asthmat1c med1cat1on. The sever1ty of EIA was greater 
when tra1n1ng outdoors compared to when train1ng 1ndoors (20.9 + 10.2 
compared to 8.4 ~ 4.8% fall 1n FEV1l. 
8.3.6 D1ary Cards 
Unfortunately only a few subjects completed the1r da1ly diary cards 
for the durat1on of the study. However, one subJect (5) completed her 
d1ary cards not only for the durat1on of the tra1ning study, but for 
several weeks afterwards dur1ng wh1ch she cont1nued to train. The 
morn1ng and even1ng PEFR recordings are shown <F1gure 8.9al 1 along 
with the asthmat1c med1cat1on used <F1gure 8.9bl. It is ev1dent that 
as t1me progressed, the absolute PEFR 1ncreased along w1th a reduct1on 
1n the d1urnal var1at1on, wh1ch was accompan1ed by a reduct1on 1n the 
med1cat1on taken. Th1s may or may not be attributed to the programme 
of running tra1n1ng. 
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Table 8.1. The age, he1ght, we1ght and the FEV1 of the asthmat1c and 
non-asthmatlc subJects, who completed the tra1n1ng study, 
SubJect Age He1ght We1ght FEV1 
(yrsl <m> (kg) (1 BTPSl % Pred1cted 
Asthmat1cs 
Males 
1 22 1. 71 58.3 3.45 75.5 
2 18 1.81 62.6 4.28 81.2 
3 18 1. 61 61.1 3.95 98.5 
Females 
4 37 1. 75 77.4 2.92 89.8 
5 24 1. 72 62.3 3.57 102.9 
6 24 1.66 51.1 2.95 89.9 
7 19 1.66 54.7 3.64 108.3 
8 34 1. 74 74.0 2.38 74.4 
9 35 1.65 52.7 2.00 67.6 
mean 25.7 1. 70 61.6 3.24 87.6 
;tSD 7.6 0,08 9.0 0.74 13.9 
Non-Asthmatl cs 
Males 
1 18 1.80 62.6 4.4 87.6 
Females 
2 20 1.62 65.5 3.65 113.7 
3 21 1.65 60.1 3.40 103.3 
4 20 1.57 55.2 2.65 86.6 
5 20 1.60 58.0 3.20 101.6 
6 19 1.65 65.9 4.02 120.7 
mean 19.7 1,65 61.0 3.52 102.3 
tSD 1.0 0.06 4.0 0,60 13.7 
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Table 8.2. The duration of asthma, dally medication and the severity 
of EIA for the asthmatics who completed the training study. 
SubJect Years of Asthmatic EIA 
Asthma Medication I. Fall FEV, 
Males 
I 21 In tal Co. 20.3 
2 9 None 18.2 
3 9 None 19.0 
Females 
4 30 DSCG, Salbutamol 39.7 
5 23 In tal Co., Salbutamol 30.0 
6 9 Beclomethasone d1propionate 10.2 
Salbutamol 
7 1 Salbutamol 43.7 
8 30 In tal Co. 19.3 
9 30 Intal eo.' Salbutamol 37.5 
• mean 18.0 26.4 
±_SD 11.2 11.6 
DSCG 1s D1sodlum cromoglycate [lntall. 
Intal Co, is DSCG w1th isoprenal1n sulphate. 
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Table 8.3. The d1stanc:e, duration and intens1ty of endurance running 
in the training study, for the asthmatic: and non-asthmatic subjec:ts. 
SUbJec:t No. of Total Dlst. Total Time Speed Intensity 
Sessions Run (mlles) Run !min) !m. s-•) 7.VO:z max 
Asthmatlc:s 
Males 
1 13 53.7 459 3.13 97.0 
2 13 36.2 340 2.86 95.6 
3 13 58.5 391 4.01 75.2 
Females 
4 13 23.3 264 2.36 92.1 
5 13 48.9 480 2.74 86.0 
6 13 20.8 219 2.54 90.9 
7 9 26.8 225 3.19 76.2 
8 13 37.8 403 2.52 86.8 
9 10 12.5 167 2.00 64.4 
mean 12.2 35.4 328 2.82 83.8 
:!:.SD 1.6 15.9 113 0.58 10.1 
Non-Asthmatics 
Males 
I 13 42.5 306 3.73 76.9 
Females 
2 13 45.1 428 2.82 75.1 
3 13 31.4 357 2.36 91.9 
4 13 46.2 445 2.78 80.7 
5 • 13 33.2 324 2.75 74.7 
6 11 31.7 281 3.03 83.2 
mean 12.7 38.3 357 2.91 80.4 
"!:.,SD 0.8 7.0 67 0.46 6.5 
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Table 8.4. The phys1olog1cal 
oxygen uptake test, pre and post 
non-asthmatic subjects. 
responses obtained w1th the maximum 
training for the asthmatic and 
SubJect Run Time vo,. max V,. max HR max 
!m1nl (ml.kg.-•m!n-•> (l.min-•> (b.min-•> 
Pre Post Pre Post Pre Post Pre Post 
Asthmatics 
Males 
1 7.50 11.17 44.0 54.5 106.3 109.8 193 180 
2 8.00 10.83 43.6 46.8 83.5 77.8 180 177 
3 10.17 11.00 57.4 60.6 107.8 125.7 173 171 
Females 
4 5.00 7.50 30.5 35.2 79.1 82,0 178 173 
5 9.83 10.75 40.7 41.4 90.3 92.4 190 188 
6 7.50 7.50 37.9 39.4 69.3 72.8 189 187 
7 8.00 8.42 46.4 43.6 76.5 77.4 180 185 
8 8.00 10.25 33.2 36,7 55.3 66.8 172 176 
9 7.58 8.75 34.8 36.0 57.6 60.4 190 191 
mean 7.93 9.57"" 41.0 43.8" 81.5 85.0 184 181 
:!:SD 1.40 1.53 8.2 8.8 19.4 21.0 8 7 
Non-Asthmatics 
Males 
1 11.75 14.08 57.8 63.8 126.7 140.7 198 195 
Females 
2 7.50 7.83 44.8 45,6 91.3 89.6 188 190 
3 
• 
8.00 10.17 33.9 38.7 66,0 66.7 192 189 
4 7.83 8.75 38.8 42.0 69,2 79.2. 189 188 
5 7.00 7.83 39.7 42,6 85.8 89.3 198 194 
6 7.83 7.83 42.9 44.2 111.2 108.9 189 192 
mean 8.32 9.42" 43.0 46.0" 93,1 95.7 192 191 
!_SO 1.72 2.46 8.2 9.1 22.3 26.0 6 3 
Sign1 ficant d1fference pre and post training: * p<0.05 1 ** p<0.01 
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Table B. 5. The runn1ng speed, oxygen uptake, and %V02 max at a blood 
lactate concentrat1on of 2mM, pre and post training, for the asthmat1c 
and non-asthmatic subJects. 
SubJect Speed vo2 %V02 max 
!m.s-•> !ml.kg.-•mln-•1 
Pre Post Pre Post Pre Post 
Asthmatics 
Males 
1 1. 90 2.40 28.5 31.8 64.8 58.4 
2 2.21 2.87 31.2 39.6 71.7 84.8 
3 3.60 3.59 37.8 40.6 65.8 67.1 
Females 
4 1.66 1.86 17.3 20.2 56.6 57.2 
5 2.19 2.35 30.0 31.2 73.8 75.4 
6 1.93 1.95 24.8 23.1 65.5 58.7 
7 2.69 2.87 29.4 33.3 63.4 76.3 
8 2.53 2.70 28.9 30.6 87.2 83.5 
9 1.90 2.24 20.1 26.4 57.9 73.2 
mean 2.29 2.54*" 27.6 30.8" 67.4 70.5 
;tSD 0.59 0.54 6. 1 6.8 9.3 10.7 
Non-Asthmatl cs 
Males 
1 3.15 3.62 36.9 40.6 63.8 63.5 
Females 
2 2.36 2.59 28.5 32.4 63.5 71.0 
3 2.08 2.23 28.1 29.3 82.7 75.7 
4 2.30 2.34 25.0 27.3 64.5 64.8 
5 2.63 2.65 28.0 31.4 70.5 73.7 
6 • 2.28 2.35 27.6 29.4 64.4 66.4 
mean 2.47 2.63 29.0 31.7" 68.3 69.2 
:!:,SO 0.38 0.51 4.1 4.8 7.6. 5.0 
Sigmhcant d1fference pre and post train1ng1 " p<0.05, "" p<0.01 
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Table 8.6. Two mile t1me, the average oxygen cost and 7. V02 max 
utilised, p~e and post tra1ning, for the asthmatic and non-asthmatic 
subjects. 
2 Mile Time Trial 
SubJect Run Time Speed VO:a 7. VO:a Used 
!m1nl (m. s-• l (ml. kg. -•min-•) 
Pre Post Pre Post Pre Post Pre Post 
Asthmat1cs 
Males 
1 19.08 14.83 2.81 3.62 39.4 48.4 88.9 88.8 
2 17.43 16.02 3.08 3,35 42.8 43.1 93.2 92.2 
3 13.07 11.85 4.10 4.53 47.1 56,5 82.0 93.3 
Females 
4 26.00 21.18 2.07 2.53 27.6 33.3 90.5 94.6 
5 18.75 18.50 2.86 2.90 35,2 37.7 86.6 91.4 
6 21.25 19.50 2.52 2.75 30.8 34.2 81.3 86.9 
7 17.02 15.67 3.15 3.42 39.6 39,5 85.3 90.6 
8 22.08 19.17 2.43 2.80 26.7 32.4 80.6 88.2 
9 28.00 26.68 1. 91 2.01 24.5 26.7 70.5 74.0 
mean 20.30 18.16** 2.77 3.10** 34,9 39.1** 84.9 88.9* 
;tSD 4.62 4.28 0.65 0.73 7.9 9.1 7.7 6.1 
Non-Asthmatl cs 
Males 
1 14.13 12.02 3.80 4.46 45.6 55.3 78.8 86.6 
Females 
2 18.67 16.67 2.87 3.22 37.7 41.4 84.1 9p.8 
3 22.25 20.18 2.41 2.66 31.6 37.5 93.2 96.9 
4 18.92 16.33 2.84 3,29 33.1 39.2 85.4 95.2 
5 20.18 18.83 2.66 2.85 32.1 36.1 80.8 84.8 
6 16.68 15.67 3.21 3.42 37.1 39.3 8b.b 88.8 
mean 18.47 16.62* 2.97 3.32" 36.2 41.5** 84.8 90.5"" 
!.SD 2.81 2.82 0.49 0,63 5.3 7.0 5.0 4.8 
S1gnif1cant d1fference pre and post train1ng1 "" p<0.01 .. p<0.05 
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Table B. 7. The phys1olog1cal demands of the test for EIA w1thout 
asthmat1c med1cat1on, pre and post tra1n1ng for the asthmat1c group. 
SubJect vo2 XVD2 max v .. HR 
(ml. kg. -•min-•) <l.mln-• BTPSl (b. min-•) 
Pre Post Pre Post Pre Post Pre Post 
Asthmatics 
Males 
1 42.5 39.3 95.9 72. 1 96.1 69.5 168 145 
2 42.1 43.3 96.6 92.5 87.6 71.3 183 171 
3 53.0 51.4 92.3 84.9 122.1 120.7 165 162 
Females 
4 29.7 30.9 94.5 87.6 99.2 70.2 184 158 
5 36.8 29.8 90.4 72.0 103.0 66.7 188 178 
6 35.3 32.7 93.1 82.9 61.6 53.5 195 160 
7 42.3 41.1 91.2 94.3 74.1 76.6 189 177 
8 31.2 36.2 93.9 98.7 62.8 57.9 169 156 
9 29.9 27.1 86.0 75.3 55.8 48.0 186 170 
• 
. 
mean 38.1 36.9 92.7 84.5* 84.7 70.5* 181 164** 
:!;SD 7.7 7.7 3.2 9.8 22.5 2h0 11 11 
S1gn1f1cant difference pre and post tra1ning: * p<0.05, ** p<0.01 
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Table 8.8. The FEV, after the non-medlcated running test, pre and 
post tra1n1ng, for the asthmat1c group. 
Subject Pre-Ex FEV, Lowest Post-Ex FEV, 7. Fall 1n FEV, 
Pre Post Pre Post Pre Post 
Asthmatics 
Males 
1 3.45 3.52 2.75 3.12 20.3 11.4 
2 4.28 4.63 3.50 4.29 18.2 7.3 
3 3.95 3.58 3.20 3.41 19.0 4.8 
Females 
4 2.92 2.86 1.76 1.04 39.7 63.6 
5 3.57 3.47 2.50 2.70 30.0 22.2 
6 2.95 2.90 2.65 2.17 10.2 25.2 
7 3.64 3.45 2.05 2.70 43.7 27.8 
8 2.38 2.14 1.92 1. 77 19.3 17.3 
9 2.00 1.86 1.25 1.35 37.5 27.4 
mean 3.24 3.16 2.40 2.51 26.4 23.0 
±.SD 0.74 0.83 0.72 1.04 11.6 17.5 
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Table 8.9. The baseline pulmonary funct1on from a dry spirometer 
[Vitalographl and a peak flow meter, pre and post train1ng, for the 
asthmat1c and non-asthmatic groups. 
SubJect VC FEV, %FEV, PEFR 
11 BTPSl (1 BTPSl (1, m1n-• l 
Pre Post Pre Post Pre Post Pre Post 
Asthmatlcs 
Males 
1 4.64 4.90 3.45 3.52 74.4 71.8 455 470 
2 5.07 5.51 4.28 4.63 84.4 84.0 515 575 
3 4.55 4.22 3.95 3.58 86.8 84.8 505 500 
Females 
4 3.90 3.81 2.92 2.86 74.9 75.1 470 465 
5 4.15 3.86 3.57 3.47 86.0 89.9 470 435 
6 3.18 3.55 2.95 2.90 92.8 81.7 415 390 
7 3,95 3.89 3.64 3.45 92.2 88.7 520 490 
B 3.75 3.42 2.38 2.14 63.5 62.6 365 315 
9 3.15 3.33 2.00 1.86 63.5 55.9 320 305 
mean 4.04 4.05 3.24 3.16 79.8 77.2 448 438 
:!:.SD 0.65 0.72 0.74 0.83 11.3 11.8 69 BB 
Non-Asthmatlcs 
Males 
1 5.12 4.94 4.40 4.50 85.9 91.1 545 515 
Females 
2 3,98 4.03 3.65 3.65 91.7 90.6. 455 490 
3 3.62 3.79 3.40 3.55 93.9 93.7 435 420 
4 2.88 3.28 2.65 2.98 92.0 90.9 350 355 
5 3.47 3.42 3.20 3.14 92.2 91~8 430 410 
6 4.75 4.35 4.02 3.74 84.6 86.0 560 465 
mean 4.00 3.97 3.55 3.59 90.1 90.7 463 443 
"!;_SD 0.67 0.62 0.62 0.53 3.8 2.6 79 59 
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Table 8.10. Pre-exerctse medicatton and the incidence and severity 
of EIA after tratning sesstons for the asthmattc group. 
Pr e-ex er c 1 se Mean FEV1 for Training EIA (% 
Medication Pre-Ex Wt th Med. Post Ex fall FEV1l 
Asthmatics 
Males 
1 DSCG 3.64 3.60 2.98 ••• -18.1% 
2 4.58 4.14 ...... -9.6% 
3 3.70 3.18 ...... -14.1% 
Females 
4 DSCG & Salbutamol 2.78 2.89 2.71 -2.5% 
5 In tal Co. 3.40 3.83 3.29 -3.2% 
6 Salbutamol 3.69 3.73 3.46 .. -6.2% 
7 Salbutamol 2.92 3.15 2.99 +2.4% 
8 Intal eo. 2.08 2.45 2.10 +1,0% 
9 Salbutamol 2.02 2.29 1.64 .... -18.8% 
Stgntftcant difference between pre-exercise FEV1 !wtthout medication) 
and post-exerctse FEV11 *"" p<0.001, •• p<0.01, •p<0~05. 
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r!gures B.la and B.lb. The blood lactate concentration at a range of 
submax1mal runn1ng speeds, pre- and post-training, for the asthmatic 
<B.la) and non-asthmatic groups <B.lb). 
Significant difference pre- and post-training: ~ p<0.05 
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F1gures 8.2a and 8.2b. The blood lactate concentrat1on at a range of 
submaximal running speeds expressed as ·a XV02 max, pre- and 
post-trainlng, for the asthmatic !8.2a) and non-asthmatlc groups 
(8.2b). 
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F1gures B.3a and B.3b. The heart 
runn1ng speeds, pre- and post-tra1ning, 
non-asthmatic groups (6.3b>. 
rate at a range of submax1mal 
for the asthmat1c <B.3a) and 
S1gn1 hcant d1 fference pre- and post-training a * p<0.05; ** p<O.Ol 
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F1gures B.4a and B.4b. The ventilat1on rate at a range of submaximal 
running speeds, pre- and post-trainlng, for the asthmat1c !B.4al and 
non-asthmatic groups !B.4bl. 
256 
Figure B.5a 
50 
"2 45 
~ 
C) 40 
-"' ::, r~I---..5 35 CD -"' ., - 30 a. ::::> 
c ~T CD 25 C) > X 
0 20 
15 
2 22 24 28 28 3 
Speed £m/sec] 
Legend 
• Pre-Tre1ning 
0 fl2!!-_1!!1!'!'!Q 
F1gure 8.5b 
50 
"2 45 
~ 
. 1~ C) 40 -"' ::, 
..5 35 .J~I CD -"' 
"' r~1 - 30 a. ::::> c ., 25 • C) 
> X 
0 20 
15 
22 24 28 28 3 32 34 38 
Speed £m/sec] 
Figures B.5a and B.5b. The oxygen uptake at a range of submax1mal 
runn1ng speeds, pre- and post-training, for the asthmat1c (8.5al and 
non-asthmatic groups (8.5b). 
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groups. 
S1gni he ant d1 fference pre- and post-tralmng: * p<O.OS; * * p<O.Ol 
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8,4 Disc:uss1on. 
Although physical tra1n1ng has been recommended for the management ~ 
of asthma (Holgate 1983) 1 the presc:r1ption of the type of exerc:1se lS 
not well defined. Keens <1979) suggested that asthmahc:s should be 
allowed to parhc:Ipate 1n all ac:tivlties, 1nc:lud1ng those that are 
lil,ely to provoke EIA. However, the safety of tra1mng employ1ng 
ac:ti Vl ties that are hkely to provoke EIA suc:h as d1 stanc:e running, 
has not prev1ously been exam1ned for the asthmatic: adult. Th1s study 
observed the physiological effec:t of 5 weeks of endurance runn1ng 
tralning on the asthmat1c: adult, and compared their responses to a 
non-asthmatic: group. The tra1mng was performed at "self-selected" 
runn1ng speeds on the treadm1ll 1 dkln to that whlc:h would be 
undertaken at the start of an endurance running train1ng programme 
performed out of doors. 
A reduction In numbers of the asthmatics from 16 to 9 1n the 
tralning study, c:ould be explalned by a var1ety of reasons. One 
asthmatic: was forc:ed to stop trainlng due to a worsen1ng of h1s asthma 
c:aused by 1nfec:t1on 1 and not nec:essar1ly due to the training. M1nor 
lnJunes prevented two asthmatics c:omplehng the tra1mng penod. The 
other two asthmat1c:s did not have suffiCient t1me to perform the 
trainlng, and thus were forc:ed to leave the study. A Similar reduc:t1on 
1n numbers has been observed by Bundgaard et al (1982bl when tra1ning 
asthmatic: adults. The maJOr findings from the asthmatic: and 
• 
non-asthmatics who completed the endurance running train~ng study are 
d1sc:ussed below. 
8.4.1 The Effed of Endurance Runmng Tra1mng on the 
Cardlo-Respiratory Fitness. 
The flve week period of endurance runmng tra1mng performed on the 
treadm1ll at self-selected training speeds, resulted 1n a s1milar 
1mprovement In V02 max for the asthmat1c: and non-asthmatic: groups. The 
1nc:rement in V02 max of 7X for both the asthmat1c: and non-asthmatlc: 
groups, agrees w1th other Investigators examimng the effec:t of short 
term tra1n1ng 1n prev1ously untra1ned non-asthmatlc: subjects <Holloszy 
1973>. An Increase In V02 max Is due to both an increase 1n the 
c:ard1ac: output and an 1nc:reased arterio-venous oxygen difference 
suggestive of an 1nc:reased extrac:t1on of oxygen by the musc:le (Rowel! 
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19741. 
It is recognised that short term endurance runn1ng training reduces 
the accumulation of blood lactate at the same absolute exercise work 
< 
load !Dav1es et al 19791, reflecting an Increased contr1but1on of 
energy from aerob1c metabolism consequent on the Increased oxidat1ve 
capac1ty of the m1tochodna <Hennkssen 19771. The asthmatic group 
showed a s1gn1f1cant reduction 1n blood lactate after the 5 weeks of 
tra1mng, 
of change 
whereas the non-asthmatic group showed no change. Th1s lack 
for the non-asthmatic group may be attributed to the greater 
level of cond1tlomng of the non-asthmatic group pnor to the start of 
the tra1n1ng. Blood lactate concentrations were not different, 
however, when the running speeds were expressed at the same relative 
exercise 1ntens1ty (7. V02 maxi. Prev1ous stud1es however, on 
non-asthmatics have suggested that a longer per1od of training is 
required to reduce blood lactate at the same relative work load 
<Ekblom 1968, Skinner and McClellan 19791. 
The s1gn1flcantly reduced heart-rate at submax1mal runn1ng speeds, 
w1th no s1gn1f1cant decrease 1n the max1mum heart-rate, for the 
asthmatic group are cons1stent w1th the f1nd1ngs of other stud1es of 
physical tra1n1ng 1n non-asthmatics <Fllnt et al 1974, Sm1th and 
Stansky 1975!. The greater reduct1ons 1n heart-rate after exerc1se at 
submax1mal runmng speeds for the asthmatic group would also suggest 
greater phys1olog1cal benef1t from the tra1n1ng, when compared to the 
non-asthmatlc group. Th1s reduced heart-rate 1s thought to be due to 
an 1ncrease 1n stroke volume and a decrease 1n peripheral res1tance 
<Eckblom 1969). 
In add1t1on to the Improvements In the physiological parameters 
measured, an 1mprovement In the runn1ng performance o'ver the 3.2Km (2 
m1lesl was also demonstrated. Previously an Improvement 1n running 
performance was simply associated with Increases 1n VDz max. However, 
observations by Dan1els et al (19781 suggested that other factors not 
1nvolved 1n the test of VDz max, contribute to the Improvements 1n 
runmng performance. After tra1mng, the asthmatic and non-asthmatic 
groups were able to susta1n a h1gher %V02 max dur1ng the two m1le run. 
The absence of a reduction 1n blood lactate at the same relative work 
load after tra1n1ng, suggests that the subJects could tolerate a 
higher level of blood lactate over the 2 m1le performance trial, 
enabl1ng them to susta1n a h1gher 7.V0 2 max post-tra1n1ng compared to 
' 
pre-traimng. Thus endurance fitness, as reflected in the ab11lty to 
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susta1n a large fract1on of VD~ max <Cost1ll 19711, has been 
s1gnif1cantly 1mproved for both the asthmat1c and non-asthmatlc groups 
as a result of short-term endurance runn1ng tra1n1ng. 
As a word of caut1on, 1t has been suggested by Sjod1n (1982) that 
the use of a t1med d1stance, as a measure of endurance capac1ty, 1s a 
method of low prec1s1on and valid1ty. Whether the 1ncreased 
fam1liarity w1th the treadm1ll has allowed a better selection of 
runmng pace 1n the post-tra1mng tests is a possib11lty, allow1ng 
subJects to susta1n a h1gher Y.V02 max. Therefore, the results 
suggest1ng an ab1l1ty to susta1n a h1gher Y.VDz max in an endurance 
runn1ng t1me-tr1al after short-term tra1n1ng, 1s quest1onable and 
1ndeed controvers1al. 
Th1s 1ncrease 1n aerob1c capac1ty after endurance runmng tra1mng 
for the asthmat1c adult, 1s cons1stent w1th the observat1ons of 
N1ckerson et al (1983) for asthmatic ch1ldren. Th1s suggests that 
endurance runn1ng tra1n1ng w1ll lead to the phys1olog1cal changes 
assoc1ated w1th an 1ncreased exerc1se tolerance 1n untrained asthmatic 
adults. In add1t1on, 
more pronounced, for 
non-asthmat1c group, 
ab1l1ty to 1mprove the 
the phys1ological changes were sim1lar 1f not 
the asthmatic group when compared to the 
wh1ch 1mplies that asthma does not 1mpa1r the 
aerob1c capacity. As a consequence, daily 
act1v1t1es could be performed more easily. 
8.4.2 The Effect of the Improved Card1o-Resp1ratory F1tness on 
Exerc1se-Induced Asthma. 
It has been suggested that the reduct1on 1n EIA .1s the most(/ 
1mportant effect of an 1mprovement in phys1cal f1tness (Oseld and J 
Haaland 19781. In the present study, the effect of a~ '1mproved aerob1c 
capac1ty on the sever1ty of EIA at the same absolute work load pre-
and post-tra1n1ng has been exam1ned, and has been shown not to be 
s1gn1f1cantly d1fferent. However, the 1nd1v1dual results show that 7 
out of the 9 asthmat1cs exper1enced a reduction 1n EIA after tra1n1ng. 
Other stud1es have suggested that at a g1ven work load the sever1ty of 
the EIA 1s reduced after tra1mng, e1ther due to a reduced venhlatory 
demand <Dse1d and Haaland 1978 1 Henr1ksen et al 1981bl, or as a result 
of a reduct1on 1n the bas1c hyperreact1v1ty of the a1rways <Arborel1us 
and Svenon1us 19841. However, the changes in EIA for the asthmat1cs 1n 
the present study were not assoc1ated w1th the changes 1n the 
vent1lat1on rate requ1red to perform the test. Other factors, 
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Including the underlying state of the a1rway inflammation and the 
cl1matolog1cal factors, are also known to affect the severity of EIA. 
Unfortunately, the laboratory cond1t1ons of hum1d1ty and temperature 
were not controlled precisely, and therefore changes 1n the test 
environment may have accounted for the differences 1n the seventy of 
the EIA. 
Other studies employ1ng conh nuous actl VI ty have not shown any 
change 1n the severity of EIA after tra1n1ng. However, these studies 
also fall ~hort 1n their methodology. Fitch and Godfrey (1976> trained 
their asthmatiC ch1ldren 1n the sw1mm1ng pool, whereas they tested for 
EIA on a cycle ergometer. They d1d not adhere to thP principle of the 
spe~1f1c1ty of tra1n1ng, in wh1ch the tests should be the same as the 
tra1mng mode. Nickerson et al (1983), did exam1ne the effect of 
r~nning tra1n1ng on the sever1ty of EIA experienced wh1lst runn1ng, 
• 
and showed no change 'after traimng. However, the worl: load was not 
constant before and after tra1n1ng, because the 1nvest1gators used an 
uncontrolled free runmng test to assess the seventy of EIA. 
Future studies to assess the effect of an Improved fl tness on the 
sever1ty of EIA, must be able to control the test environment, employ 
the same mode of exerc1se for the EIA test as used 1n the training, 
and examine the seventy of EIA at the same absolute work load before 
and after tra1n1ng. 
8.4.3 The Effectiveness of Pre-Exercise Med1cat1on for Tra1n1ng 
Sessions. 
The use of pre-exercise med1cat1on to prevent EIA, ensures that 
full benefit can be gained from the training programme (Oseld and 
Haaland 1978). Indeed, Svenomus et al (1983) has stated that 
effective training work loads Will be hm1ted by the EIA they provoke. 
Seven out of the n1ne asthmatics took pre-exerclse medication, thus 
reducing the EIA. However, EIA experienced dur1ng and after runn1ng 
training, was not totally abolished for three of the asthmatics, 
although 1t was always reversed by bronchod1lators. The effectiveness 
of various drugs to inh1b1t EIA has been evaluated w1th short term 
exercise (6-8 m1nutesl, but not with more prolonged exerc1se. Thus, 
further work on the opt1m1sat1on of pre-exercise asthmatic med1cat1on 
for more prolonged exercise, IS necessary, as has been previously 
mentioned for very prolonged endurance runmng 1n asthmatic athletes. 
In the present study the runn•ng train1ng was performed Indoors on 
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a treadmill, however, one asthmatiC d1d, by cho1ce, perform half of 
his training out of doors and d1d not take pre-exerc1se med1cat1on 
pr1or to any tra1n1ng sess1on. The outdoor tra1n1ng sess1ons provoked 
more severe EIA than s1m1lar indoor tra1n1ng. Th1s observation 1s 
consistent with the findings of Anderson et al (1971), Eggleston et al 
<1979), and Shap1ro et al (1979), who demonstrated that free range 
running provokes more severe asthma than treadmill runn1ng. The 
frequent cl1n1cal complaint that EIA 1s more severe when exerc1s1ng 1n 
cold conditions IS supported quant1tat1vely by Strauss et al (1977). A 
further study to evaluate the r1sk of outdoor runn1ng tra1ning on the 
asthmat1c is required. Indeed, when tra1n1ng 1n cold cond1t1cns out of 
doors,, 1t may be necessary for the asthmatic to use face masks to warm 
and humidify the inspired a1r <Bake et a! 1986). 
8. 5 Summary. 
The major findings of th1s study suggest that 
tak1ng pre-exerc1se med1cat1on, show s1m1lar 
Improvements in the1r cardio-respiratory fitness 
asthmatic adults 
and even enhanced 
after short term 
non-asthmatics. The endurance runn1ng tra1n1ng, when compared to 
severity of exerc1se-1nduced asthma when runn1ng 
was however unchanged by th1s Improvement 
Wl thout med1 catl on, 
in phys1cal f1tness. 
Exercise-Induced asthma was exper1enced 
after the running tra1n1ng sessions, 
asthmatiC med1cat1on. 
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by a number of asthmatics 
desp1te tak1ng pre-exerclse 
CHAPTER 9 
GENERAL DISCUSSION 
There were three major aims of th1s study. Firstly, to evaluate 
the cardio-respiratory and metabolic responses of untrained and 
endurance trained asthmatics to max1mal and submax1mal exercise. 
Secondly, to compare the physiological effect of prolonged endurance 
running on well trained asthmatiCS and non-asthmatiCS and determine 
any detrimental effect on the performance of the asthmatic. Thirdly, 
to study the beneficial or detrimental effect of endurance running 
training on prev1ously sedentary asthmatic adults. 
9.1 'Cardio-Respiratory Response to Exerc1se and Asth~a. 
Asthma has the potential to restnct the maximum response to 
exercise in two ways. Firstly, Fitch (1975bl has stated that a 
proportion of severe asthmatics compete at a d1 sadvantage, due to the 
1 imitation on the max1mum ventilation by the a1rflow obstruct! on 
associated with the asthma. Secondly, McFadden (1984al has stated that 
the fear of developing EIA may lead to Inactivity, wh1ch w1ll impair 
the max1mum response to exercise, rather than the asthma per se. In an 
attempt to 1dent1fy the roles of 1nact1v1ty and asthma, the 
physiological responses to max1mal and submax1mal exerc1se of sim1lar 
groups of untrained asthmatics and non-asthmatics, and a group of 
endurance running trained asthmatics were compared. 
The maximum oxygen uptake attained dunng exercise in untrained 
non-astmatics, is determined by the "weaker hnks" in the chain for 
oxygen transport such as stroke volume, cardiac output and the 
oxidat1ve capacity of the skeletal muscle, and not by the capacity for 
gas exchange of the pulmonary system <Dempsey 1986). However, 1n 
pulmonary diseases where the capacity for the ut1l1sat1on of oxygen by 
the working muscles may be beyond that of the gas exchange capac1ty of 
the lungs, the l1mitat1on of the maximum oxygen uptake may now be at 
the ventilatory level. Indeed the V02 max of the untrained asthmatics 
was significantly lower than that for the untrained non-asthmatic 
group. 
The wide variation in the V02 max values of the untrained asthmatic 
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group from 35 to 57 ml.kg.-1mln-1 was not random but was pos1t1vely 
correlated to the percent predicted FEV1 <r=0.502, p<0.05l and to the 
maximum ventilat1on <r=0.598, p<0.05l. Furthermore, the percent 
predicted FEV1 was also post1vely correlated to the maximum 
ventilation <r=0.701, p<0.01l. A1rway obstruction 1s therefore 
associated with a lowering of the max1mum ventilation attainable 
during exercise, which 1n turn may lim1t the maximal oxygen uptake. 
Thus in untrained asthmatics w1th severe a1rway obstruction, the 
Impairment of max1mum ventilation may be the rate limiting factor to 
determine VOz max. 
In addition, hlghly tra1ned non-asthmatiC individuals may also have 
a ca~ac1ty for oxygen util1sat1on that is beyond the gas exchange 
capacity of the lungs. This IS because the limiting factor in maximum 
exercise changes with an 1mproved level of endurance fitness. Such 
. . 
re-ordering of the l1m1t1ng factors occurs because tra1n1ng 1ncre~ses 
the capacity of the cardio-vascular system and greatly 1ncreases the 
oxidative capacity of the skeletal muscle, so that the lung assumes a 
more cr1t1cal rate l1miting step 1n determining VD2 max <Dempsey 
19861. Thus, 1t is l1kely that for well trained asthmatiC athletes, 
maximum ventilation may impose a greater lim1tation on the V02 max 
than for asthmatics who are untrained. 
Despite the possible limitations of the airway obstruction on the 
V02 max, a large number of asthmatics do participate 1n endurance 
runn1ng training and racing. The mean VOz max of the asthmatic 
endurance athletes was 61.8 ml.kg.-1mln-1, this being much higher than 
that obtained for the untrained asthmatics. The higher V02 max of the 
asthmat1c athletes may have -been due to a naturally high maximal 
oxygen uptake thus encouraging select1on of endurance runn1ng as their 
preferred activity, or alternatively the physiological responses to 
training has allowed an improvement 1n the maximal oxygen uptake. It 
is impossible to aportion the effects of hereditary or training on the 
V02 max, although 1t is likely that both factors will have played a 
part 1n the higher VOz max compared to the untrained asthmatics. 
· As for the untra1ned asthmatics, the Wide range of V02 max values 
for the trained group from 50 to 71 ml.kg.- 1 mln-1 was correlated with 
maximum ventilation (r=O. 779, p<O.Oll. This correlation was hl'gher 
than that obtained for the untra1ned asthmatics for max1mum oxygen 
uptake and maximum ventilat1on <r=0.595, p<0.05l. Th1s suggests that 
as asthmatics progress up the fitness continuum, maximum ventilation 
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attainable on exercise IS indeed more critical in determining V02 max. 
It IS not known whether the pulmonary system adapts to minimise the 
limitation of maximum ventilation on maximum oxygen uptake In the 
highly trained asthmatic. In non-asthmatics, the pulmonary system 
remains largely unchanged with training. During maximal exercise 
highly trained athletes may have a lowering of the arterial oxygen 
saturation. This is due to the inability to hyperventilate which is 
associated with either mechanical limitation as the maximum flow rate 
IS reached or respiratory muscle fatigue <Dempsey 19861. However, 
although normal physical training does not usually result In true 
structural adaptation of the respiratory muscles, the response to 
chronic overload has been shown to be marked. For example, studies of 
rats With artifiCially Induced airway obstruction have shown an 
increased oxidative capacity of the diaphragm !Keens et al 19781. 
Furthermore, specific breathing exercises in humans increase the 
strength and endurance 
19761. Therefore, It 
obstruction may show 
of respiratory muscles <Leith and Bradley 
is possible that 
similar adaptations 
the asthmatiC with airway 
with endurance running 
training, enabling them to compensate In some way for the ventilatory 
limi tatlons. 
The physiological responses of the untrained asthmatics and 
non-asthmatics were also compared during submaximal running. As 
Indicated by the poorer ventilatory equivalent, the untrained 
asthmatic group exercises under less efficient ventilatory conditions 
. 
both at the same absolute and relative exercise intensities, compared 
to the non-asthmatic group. This finding agrees With the work of Cropp 
and Tanakawa <19771· on asthmahc adults. In addit~on, blood lactate 
was significantly higher for the asthmatics compared to the 
non-asthmatics at the same absolute running speed, which agrees With 
the work of Seaton et al (19691 and Silverman et al (19721. McFadden 
(1984al postulated that this higher lactate may be due to a general 
lack of fitness. Indeed, the higher blood lactate concentrations were 
purely a function of the lower vo2 max of the asthmatic group, because 
when the untrained asthmatic and non-asthmatic groups were compared at 
the same relative exercise Intensity there were no differences. 
Furthermore, a comparison of the responses of trained and untrained 
asthmatics to submaximal exercise, revealed that endurance training 
results In lower blood lactates both at a given running speed and at 
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the same relative exercise 1ntens1ty. Th1s 1s as would be expected for 
non-asthmat1c athletes engaged 1n endurance runn1ng tra1n1ng, and 
therefore reflects a normal adaptive response of the asthmat1cs to 
endurance runntng tratning. 
Thus, asthma does not grossly impa1r the V02 max 1n a group of m1ld 
to moderate asthmat1cs, nor does 1t seem to severely restr1ct the 
levels of V02 max that can be attained by trained asthmatics. However, 
wtth increas1ng severity of atrway obstruct1on 1t 1s likely that for 
untrained and trained asthmat1cs alike, the 1nev1table reduction 1n 
maximum vent1lation may be the rate limit1ng factor 1n determin1ng V02 
max. Dur1ng submaximal exerc1se the h1gher blood lactate of untra1ned 
asthmatics compared to s1m1lar non-asthmatics 1s due to thetr lower 
V02 max. However, the poorer vent1latory equ1valent both at the same 
absolute and relative exerc1se 1ntensities of the untratned asthmatics 
• 
compared to the non-asthmat1cs, would seem to be a funct1on of the 
asthma per se. Therefore, the suggestion by McFadden !1984a) that an 
impaired card1o-resp1ratory response to exerctse is more likely to be 
due to inact1vity rather than the asthma per-se, cannot be supported 
by the results of the present study. 
9.2 Endurance Runntng Performance and Asthma. 
Although the h1gh V02 max and a low blood lactate concentration at 
submaximal exercise intensittes of the asthmattc athletes are 
associated w1th a high degree of aerob1c f1tness, more recent 
definit1ons of fitness have concentrated on the abtlity to susta1n a 
htgh %V02 max over prolonged per1ods of t1me. Outdoor performance 
t1mes over the half-marathon dtstance were available for eleven of the 
sixteen asthmatic athletes. Th1s provided an opportunity to evaluate 
the effect of asthma on both compet1t1ve endurance running performance 
and on the endurance fitness as defined by the ability to sustain a 
h1gh %V02 max. Extrapolattons from the treadmtll data revealed that 
the asthmat1c athletes were able to sustatn an average of 81.9Y. V02 
max during the half-marathon, whtch is very simtlar to that quoted for 
non-asthmat1c recreational runners !W1lliams and Nute 1983). This 
would indtcate that asthma has not impatred the development of a high 
degree of endurance fitness, allow1ng asthmatics who have undergone 
approprtate training to compete alongstde non-asthmattcs in endurance 
runntng events. 
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The determinants of half-marathon runn1ng performance obtained from 
the treadmill tests were sim1lar to invest1gat1ons of non-asthmatics 
!W1lliams and Nute 1983, Farrell et al 1979). Half-marathon running 
spped for the asthmatic group was highly correlated to VO:z max 
!r=0.881l, but more so to the runn1ng speed at wh1ch blood lactate 
accumulates !V2mM> (r=0.971l, accounting for 947. of the var1ation in 
the half-marathon times w1th1n the group of asthmat1c athletes. 
The estimated 7.VO:z max ut1lsed over the half-marathon was most 
strongly correlated w1th 
of 2mM (r=0.817, p<0.01l. 
the 7.V02 max at a blood lactate concentration 
Thus 
half-marathon is largely dependent 
max utlllsed 
on the capacity of 
during the 
the working 
muscle~ to cover the1r energy needs by aerob1c metabol1sm, support1ng 
the observations of W1lliams and Nute !1983). The estimated 7.VO:z max 
sustained over the half-marathon was also correlated w1th the percent 
predicted FEV 1 (r=-0.800). As prev1ously 1llustrate~, the VO,. max of 
the asthmatic athlete may be lim1ted by poor lung funct1on. To adapt 
to this possible impairment in VO,. max tra1ning has allowed the 
asthmatic w1th poor lung funct1on to susta1n a h1gher 7.VO:z max than 
those W1th better lung functlon. Th1s observation 1S s1milar, 
although not as extreme, to the adaptation wh1ch allows card1ac 
patients to work very close to the1r vo,. max w1 th minimal blood 
lactate accumulat1on follow1ng endurance tra1n1ng (Coyle et al 1983). 
A closer examination of the phys1olog1cal responses of asthmat1c 
athletes to endurance runn1ng, has been obtained from laboratory 
assessment on the treadm1ll. S1milar cardio-resp1ratory, metabol1c and 
adrenerg1c responses were observed for groups of asthmatics tak1ng 
pre-exerc1se med1cat1on and non-asthmatics dur1ng both prolonged 
running (2 hours) at a constant speed at the same relat1ve exerc1se 
intens1ty (707. VO:z maxl, and during race conditions over the 
half-marathon distance. However, observat1ons of lower breath1ng 
frequencies of the asthmatics compared to the non-asthmatics would 
suggest that the pattern of breathing during exerc1se is different for 
asthmatics. This f1nding 1s supported by recent work dur1ng short term 
exercise comparing asthmatic and non-asthmatic children !Ramonatxo et 
al 1986). Further assessment of the breath1ng patterns of asthmatics 
dur1ng prolonged exercise would appear to be worthwhile. 
The effect of the pre-exerc1se med1cat1on may, however, be mask1ng 
any differences between the physiolog1cal responses to prolonged 
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running of asthmatic and non-asthmatic subJects. The maJority of 
asthmatics used 'selective' Beta2 agonists 1n conventional Inhaled 
dosages, both before and during the prolonged runs. Although these 
drugs have been shown to have only minimal effects on the 
phys1olog1cal parameters at rest !Nev1lle et al 1977) 1 their effect on 
exercise have not been determined. The large differences in the 
phys1olog1cal responses dur1ng two half-marathons performed by one 
asthmatic, w1th and Without aminophylline, underlined the need to 
examine and quantify the effects of the asthmatic drugs on the 
physiological responses to exercise. 
The sim1lar cardiovascular, metabolic and adrenergic responses to 
prolonged running for asthmatics and non-asthmatics, would suggest no 
reason why the asthmatiC should be at a disadvantage 1n endurance 
running. However, the control of EIA 1s necessary If the asthmatic IS 
to part1c1pate 1n endurance runn1ng safely and Without respiratory 
d1sadvatage !F1tch 1986). Pre-exerc1se medication was successful 1n 
1nhibit1ng EIA for four of the SIX asthmatic half-marathon runners, 
and for two of the four asthmatics who performed the 2 hour run at 707. 
V02 max. However, two asthmatics experienced marked 
bronchoconstr1ct1on after the 2 hour run showing a s1m1lar response as 
would be expected for a short runn1ng test Without 
the race cond1t1ons of the half-marathon two 
med1cat1on. Under 
asthmatic athletes 
,experienced a large fall in the FEV, both during and after exercise. 
The fall 1n the FEV, dur1ng the run could not be reversed even with 
and reduction in the runn1ng speed and Inhaled bronchodilators. These 
resul'ts cannot support the notions that 1 t is possible to 
'run-through' the asthma !Fitch and Godfrey 1973) or that EIA will be 
reduced if exerc1se 1s prolonged !S1lverman and Anderson 1972). 
In add1t1on to the 1nab1l1ty to reverse the EIA whilst running, the 
bronchoconstrict1on observed after the prolonged runs did not seem to 
be 1mmed1ately reversible with standard dosages of Inhaled 
bronchodilators. It 1s postulated that the type of a1rway obstruction 
experienced after very prolonged running, may be more akin to the late 
asthmatiC bronchoconstrictor response documented after inhalat1onal 
challenges. The 'late response', characterised histologically by 
oedema and inflammatory cell infiltrates, often involves a greater 
fall in the FEV, and bronchodilator treatment 1s frequently only 
part1ally effective !Dolov1ch et al 1983). Further stud1es are 
requ1red to exam1ne the reversibility of EIA experienced after 
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prolonged runn1ng. 
A reduction 1n the running speed and hence Impaired performance 
time is an Inevitable consequence of a fall in the FEV1. However, the 
possible r1sks for the asthmatiC have not been evaluated 1n this 
study. Prev1ous invest1gat1ons have shown that EIA leads to 
inequalitieS 1n the vent1lation-perfus1on relationships With resulting 
arterial hypoxemia (McFadden et al 1977, Young et al 1982) and 
possibly carbon dioxide retention <Cropp and Tanakawa 1977, Anderson 
et al 1972!. The asthmatic should be warned of the potential dangers 
of endurance running, and should be encouraged to stop running 1f EIA 
develops. It IS 1mperat1ve that pre-exercise medication IS optimised 
to prevent or reduce EIA, to ensure the safety of the asthmatic in 
endurance runn1ng. 
• Although Sly (1984) has suggested that the Beta2 agonist, 
salbutamol, Will prov1de protection from EIA for 4 nours, it did not 
give full protection from EIA 1n prolonged running for this length of 
t1me. In addition, the suggestion that EIA w1ll be m1n1m1sed or 
inhibited in the major1ty of asthmat1cs by pre-exerc1se Betaz agon1st 
supplemented, 1f necessary, by sod1um cromoglycate and theophylline 
<Fitch 1986) cannot be supported when exercise IS prolonged. It may be 
worthwhile to assess the effect of a more prolonged acting Betaz 
agonist, such as fenoterol or terbutal1ne, 1n asthmatics for whom 
conventional pre-exerclse medication does not 1nh1bit EIA w1th 
endurance running. It has been recommended that each asthmatic should 
discover the best therapy to control the1r exerc1se-1nduced asthma 
<Cummings and Strunk 1984). Self-monitoring of peak expiratory flow 
rate before and after tra1n1ng sess1ons and races would be an a1d to 
assess the most effective pre-exercise treatment. ThiS form of 
assessment has has been recommended by a Drug and TherapeutiCS 
Bulletin (1982! to assess the effectiveness of asthma treatment, 
though not spec1f1cally for EIA. 
The asthmatics for whom EIA has been observed during and after 
prolonged running usually had more severe pre-exercise a1rway 
obstruction and hence a greater baseline react1v1ty. In addition to 
pre-exercise medication, treatment should be taken prophylactlcally, 
1n order to reduce the overall hyperreact1vity of the airways. Indeed, 
obtaining overall control of the asthmatic condition seems to be a 
prerequisite to control EIA !F1tch 1986). 
It must be stressed that the prolonged runs were on the treadmill, 
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in the relatively warm environment of the laboratory. Endurance 
running often takes place in cold air, conditions which are known to 
provoke EIA <Strauss et al 1977>. Therefore prolonged running out of 
doors may Impose even more severe EIA than'observedtreadmlll running. 
I_- - -~ -
The cardio-respiratory, adrenergic and metabolic responses to 
prolonged endurance running and rac1ng were similar for the asthmatics 
and the non-asthmatics. Thus, if pre-exercise medication is adequate 
there is no reason why the asthmatic 1s at a d1sadvantage in endurance 
running. However, if pre-exercise medication does not protect the 
asthmatic from EIA, the resulting bronchospasm w1ll cause a reduction 
in the running speed leading to an Impaired performance and more 
Importantly may place the asthmatic at risk. 
9.3 Endurance Running Training and Asthma. 
Although exercise may provoke asthma, physical training is 
recommended In the management of the disease to improve the 
cardio-respiratory fitness and, as a consequence to reduce the 
severity of EIA. Although, endurance running has been shown to improve 
the cardio-respiratory 'fitness' of non-asthmatlc groups, the effect 
of endurance running training has not been previously evaluated for 
the asthmatic adult. For the asthmatic group the 5 weeks of endurance 
running training on the treadm1ll resulted In an Increase In V02 max 
and lower blood lactate at submaximal running speeds, suggestive of an 
Improvement in the aerobic capacity. The reduction in the time taken 
to run 2 miles and a stgntftcant Increase tn the 7.V02 max sustained 
over the 2 mtles underlined these changes. The tmprovements of the 
asthmatic group were of a stmilar magnttude to those observed tn a 
non-asthmatic group performing the same tratntng. Clearly, asthma does 
not impatr the abiltty to obtatn the phystological beneftts associated 
With endurance running training, supporting the observations wtth 
asthmatic children !Nickerson et a! 1983), Endurance runntng ts 
'therefore a good activity for the asthmatic when an tmprovement in the 
cardio-respiratory fttness Is sought. 
It IS Important, however, to be caut1ous when recommend1ng d1stance 
runn1ng for the asthmat1c, for three reasons. Firstly, pre-exercise 
medication did not totally block the EIA experienced after train1ng 
sessions for three of the nine asthmattcs 1n the tra1n1ng study, 
although the bronchospasm was always 1mmediate!y reversed by the 
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1nhalat1on of salbutamol. Secondly, one asthmatic performed half of 
his training outdoors and exper1enced more severe EJA than after the 
training sessions on the treadmill. Thtrdly, whether endurance running 
is the most suitable sport for the beginning exerc1ser, asthmatic or 
non-asthmatic, must be quest1oned due to the risk of m1nor inJuries 
w1th this weight bear1ng act1v1ty <Pollock 1977bl. 
The improvement in aerobic f1tness was not accompanied by any 
sign1ficant changes in the severity of EJA, although 7 out of the 9 
asthmat1cs did exper1ence a reduction 1n EJA post-traintng. This 
lowering of EJA may be attr1buted either to e1ther the lower 
ventilatory demands of a given act1v1ty after training or to a 
lowering of the basic hyperreact1v1ty of the airways as suggested by 
Sverionius et al (1983). The former posstbtlity is more ltkely because 
t~e asthmat1c athletes with a high degree of endurance f1tness showed 
a s1m1lar severity of EJA compared to the pr~v1ously untra1ned 
asthmatics (23.6 t 12.7 vs 26.4 ~ 11.6 percent fall 1n FEV,). This 
indicates that the EJA 1s a perststent feature of the 
hyperrespons1veness of the a1rways of the asthmattc, which is not 
necessarily reduced by a htgh degree of endurance fttness. However, 
this is not the deftnittve study and as McFadden t19B4al has stated no 
study has controlled all the relevant variables when assess1ng EJA 
before and after tratning, and until this 1s done the effect of an 
improved fitness on the severtty of EJA rematns unanswered. 
In summary, endurance runntng tratning on prev1ously untratned 
asthmatics resulted in 1mprovements 1n the cardlo-respiratory fitness. 
Although the severity of EJA was unchanged by the 1mproved aerobic 
fitness, seven out of ntne of the asthmatics showed a reduction in the 
severity of EJA after train1ng. Pre-exerc1se medication dtd not always 
prevent EJA after the traintng sesstons on every occaston. Endurance 
running is, however, an excellent act1v1ty to improve the 
cardio-resptratory f1tness of the asthmattc. 
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APPENDIX 2. 
Exp1red A1r Analysis. 
(1) The expired air was m1xed In the Douglas bag. 
<2> One and two minute samples of expired a1r were passed through the 
oxygen and carbon diOXlde analysers respectively, and the percentages 
of these gases were noted. The flow rate 1nto the gas analysers, was 
measured by a gap flow meter and used to determ1ne the volume of 
exp1red a1r lost through sampling. 
(3) The exp1red a1r 1n the Douglas bag was then evacuated us1ng a 
Vacuum pump With the air passing through a dry gas meter, to obtain 
tl;le volume. The temperature of the expired air was noted. The volume 
of exp1red air was added to the volume of air lost ~hrough sampl1ng, 
to g1ve the total volume of exp1red a1r In litres per minute. To 
correct this volume of expired a1r to standard temperature and 
pressure of a dry gas (STPD>, the follow1ng formula was used: 
273 
v,. (STPD> = VE X ------------ X --------------
where 
760 
v,. IS the volume of expired air <I.min-'). 
tee IS the temperature of expired air. 
BP is the barometnc pressure <mm Hg). 
and SWVPtec IS the saturated water vapour pressure at tee. 
(SWVPtec = (tee X 1.1001) -4.1878) 
(4) To calculate oxygen uptake and carbon dioxide production, the 
Haldane correction method was employed. Th1s converts expired air 
volumes to Inspired air volumes, using the differences In the fraction 
of n1trogen In expired and Inspired air: 
F,. N27. 
V, = -------- x VE <STPD) l.min -l 
F, N27. 
where V, IS Inspired air, 
F,. N27. lS the fract1on of n1trogen In expired air (100-(7. 02 and 
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7. COzll, 
and F, N27. 1s the fract1on of n1trogen 1n 1nsp1red a1r <79.047.). 
(5) Oxygen uptake (l.mln-•) was then calculated: 
V02 = V02 Inspired (J) - V02 Exp1red (El 
100 100 
F~02'l.. and F,02'l. represent the fract1on of oxygen 1n exp1red and 
insp'1red <20.937.) a1r respechvely. 
(6) Carbon d1ox1de (l.mln-•) was then s1m1larly calcolated: 
VC02 = VC02 Exp1red <El - VC02 Insp1red (Jl 
100 100 
FECOz7. and F,C02'l. represent the fraction of oxygen 1n exp1red and 
1nspired (0.037.) a1r respect1vely. 
(7) The values for oxygen uptake and carbon d1ox1de produchon 
<l.mln-1) were d1V1ded throughout by body Welght (kg) to obta1n V02 
and VC02 ln m1ll1l1tres per k1logram Of body Welght per mlnute 
<ml.l:g. -•mln-• l. 
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APPENDIX 3. 
Methods for Cal cui ab ng the Respiratory Exchange Ratio, Venti I atory 
Equivalent and Oxygen Pulse. 
(1) Respiratory exchange ratio <R> 
Respiratory exchange ratio (Rl was calculated as follows: 
R = ·vco,. 
vo,. 
(2) Ventilatory Equivalent. 
Ventll atory i''lUi valent (the minute venh I atlon reqmred to obtain 1 
litre of oxygen) can be calculated a~ follows: 
Ventilatory.equivalent = VE (l.min-1 - STPDl 
(3) Oxygen Pulse. 
Oxygen Pulse (the mill i 11 tres of oxygen per heart beat> can a! so be 
calculated: 
D:z Pulse = V02 (m!.min-1) 
HR (beats.min- 1 ) 
( 
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APPENDIX 4. 
Lact1c Acid Assay. 
The method employed was an adaptat1on of that descr1bed by Olsen 
(1971>. It 1s dependent on the release of NADH by the follow1ng 
reactlon, wh1ch 1s measured by its native fluorescence: 
Lactate + NAD + LDH Pyruvate + NADH 
Depr~fe1n1zation. 
A 25 ul of blood was deprotein1zed by add1ng 1t to 250ul of perchlor1c 
ac:1d (2.5i.l. It was then m1xed thoroughly, centr1fuged at 12000 rpm 
for 3-4 m1nutes (Eppendorf m1crocentr1fuge, model 5414) and then 
stored at -20°C before ana!ys1s. 
Solutions. 
Perchlor1c Acid: 2.5i. w/v 
HydraZlne buffer (1.1 M, pH 9.0>: 1.3g hydraZlne sulphate, 5.0g 
hydraz1ne hydrate and 0.2g d1sod1um ethylened1am1netetraacet1c ac1d 
<EDTA> 1n 100ml dist1lled water. 
React1on M1xture: Prepared 1mmed1ately pr1or to use: 2mg NAD+ and 
10ul LDH per ml of hydrazine buffer. 
Standards were made from 1. 0 M Sod1 um L -1 actate stock sol utl on. 
Procedure. 
(1) Samples were removed from the freezer and allowed to thaw at 
room temperature. 
(2) Samples were then m1xed thoroughly and centnfuged. 
(3) 25ul of e1ther the supernatant or standard was then transferred 
to a clean test tube, whereupon 250ul of reactlon m1xture was added. 
(4) Tubes were m1xed and allowed to 1ncubate for 30 m1nutes. 
(5) 1 m! of diluent was then added to the tubes. The samples were 
then read aga1nst the standards and the blank w1th a Perk1n-Elmer 
(1000) Fluorimeter. 
(6) The blank was subtracted from the sample and standard read1ngs, 
and the lactate concentrat1on of each sample was calculated from the 
sample curve. 
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APPENDIX 5. 
Glucose Assay. 
A colourimetr1c method was used, based on the follow1ng pr1nc1ples: 
Glucose + 02 + H202 ~oD Gluconate + H20 
H20 + ABTS '"0 D Coloured complex + H2 0 
Solutions•: 
Phosphate buffer: 100 mmo1.1-•, pH 7.0 
POD: > 0.8 U,ml-• 
GDD: > 10.0 U.ml-• 
ABTS: 1.0 mg,ml-• 
A 0.505 mmol.l- 1 standard was used. 
* A Boehr1nger Mannhe1m d1agnost1c k1t was used for the solut1ons and 
standards of this assay. 
Deprcte1nizaticn: 
Blood was deprotein1zed 1n the same manner as that used 1n the lactate 
assay. 
Procedure: 
(1) The samples, standards and reaction m1xture were removed from the 
freezer and allowed to warm at room temperature for at least one hour. 
(2) The samples were then m1xed thoroughly and centrifuged. 
(3) 20ul of standard and supernatant !React1on m1xture for blank> was 
placed 1n a test tube Wl th 1 ml of reaction m1xture and mtxed well. 
(4) The tubes were then allowed to Incubate for 20 m1nutes. 
/ 
!5) An Eppendorf photometer (model 1101Mlwas then used to measure the 
absorbance of the standards and samples at a f1lter wavelength of Hg 
436 nm 1n a cuvette of 1cm l1ght path. 
(6) The glucose concentration (mmol.l- 1 ) 1n the samples were 
calculated 1n the follow1ng way: 
c = 5.5 x A sample 
A standard 
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APPENDIX 6 
Haemoglobin Assay. 
A cyanmethaemoglobin method was used <Van Kanipen, 1961>. Th1s IS a 
colour1metric method based on the following pr1nciple: 
Haemoglobin + cyanide + ferr1cyan1de 
Solutions: 
* Drabk1ns Reagent: 
1.63 mmol.l- 1 phosphate buffer. 
0.75 mmol.l- 1 potassium cyanide. 
cyanmethaemoglobin. 
0.60 mmol.l- 1 potassiUm ferr1cyan1de. 
5% detergent. 
All dissolved 1n 1000ml of red1st1lled water. 
*A Boehr1nger Manhe1m d1agnost1c k1t was used to produce the reaction 
m1xture for th1s assay. 
Procedure: 
(!) 20ul of blood was added to 5000ul of Drabk1ns reagent and m1xed 
well to avo1d clumping of the erythrocytes. 
(2) The solution was allowed to Incubate at room temperature for at 
least 3 m1nutes, but not lohger than 24 hours. 
(3) The absorbance <A> of the samples was measured w1th an Eppendorf 
photometer at a filter wavelength of Hg 546 nm 1n a cuvette With a !cm 
light path against a blank of drabk1ns reagent. 
(4) Haemoglobin concentration (cl of the samples was calculated us1ng 
the following equation: 
c = 36.77 X A <g.!OOml- 1 ) 
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8PPENDIX 7. 
Plasma Catecholamine Analys1s. 
The analyt1cal procedure employed i~r the determinat1on of plasma 
adrenal1ne and noradrenal1ne by HPLC w1th electrochem1cal detect1on 
used a modificat1on of the methods described by Dav1es 1 Kiss1nger and 
Shoup (1981). Th1s relles on a l1qu1d-sol1d extract1on of the 
catecholam1nes onto the alum1na 1 followed by the1r elut1on w1th dilute 
ac1d. The alum1na 1s select1ve for catecholam1nes and allows for 
their.preconcentratlon pr1or to l1qu1d chromatography. The method 
empl'oyed an internal standard. Each plasma sample was analysed 1n 
dypl1cate. 
• 
Assay Method: 
(1) Thaw the stored plasma samples at room temperature. 
(2) Mix the follow1ng together: 
50mg act1vated alum1na powder 
1ml Tr1s buffer CpH 8.6) 
3.0ml plasma Capprox1matelyl 
96ul internal standard Cpre-exerclse sample) 
or 192ul 1nternal standard Cpost-exerc1se sample> 
(3) Shake for 10 m1nutes, 
C4l Allow alum1na to settle and then asp1rate supernatant and d1scard. 
(5) Wash alumina twice w1th 3ml double d1st1lled water, asp1rat1ng 
near to dryness each t1me. 
(6) Add approx1mately !ml double d1st1lled water to the alum1na 1 and 
then transfer alum1na slurry w1th a d1sposable p1pette to a 
m1crof1lter (0.2um cellulose membrane>. Place m1crof1lter 1n 
centrifuge and sp1n unt1l dry <3-4 m1nutesl. 
(7) Discard the f1ltrate, and put new recovery tube on m1crof1lter. 
Add 120ul of O.!M perchlor1c ac1d to the alum1na. Shake thoroughly. 
(8) Centr1fuge sample unt1l dry (3-4 m1nutesl. 
(9) The acidot1c f1ltrate 1n the recovery tube conta1ns the 
catecholam1nes ready for 1nJect1on to the HPLC column. The f1ltrate 
was stored 1n the dark unt1l al1quots of 50ul of post-exerc1se sample 
'or !OOul of pre-exerclse sample were appl1ed us1ng a !OOul glass 
syringe <Hamilton>. 
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(10) Output was recorded on two flat bed chart recorders. 
(11) Measurements of peak heights us1ng a standard ruler graduated 1n 
m1ll1 meters. 
Calculation of adrenallne and noradrenallne concentrations was made 
USing the following formula: 
Am1ne content (pmoles.ml- 1 ) = PI:.X<mml x Amount IS<pM.ml- 1 ) x RMR 
Pk. IS <mm) x Plasma vel <mll 
where:· 
Pk.X(mm>: Peak he1ght of amine on trace. 
Pk.IS<mm): Peak he1ght of Internal standard on trace.' 
Amount IS: Amount of internal standard 1n1t1ally added (16pmoles). 
RMR: Relative molar response previously determined 1n a 
preliminary experiment. 
Determination of Var1ance of the HPLC Method: 
A prellminary expenment was conducted 1n order to establlsh the 
variance Introduced by the analytical procedure. 
The coeffiCients of var1ation for the recovery of each amine and the 
peak height response per p1comole were calculated for the standards 
and recovery samples. 
Percentage recovery = Response per p1comole (plasma sample) 
Response per p1comole (standard) 
The relat1ve molar response was then calculated for the samples and 
standard. 
Relative molar reponse = Response per mole X 
Response per mole IS 
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where, X and IS are the responses for the amines and Internal standard 
respectively determined on recovery samples. 
Apparatus: 
A Gilson pump (model 302) with a 10ml self-centering head, set to a 
flow rate of 1.5 ml.m1n- 1 , was htted with a Gilson pressure module 
(model 308c) which was pressure damped. The pressure developed was In 
the region of 2.8kpsi. An Anachem Spherisorb HPLC column was packed 
With a Spherisorp C18 (QDS 2> and was prefixed by a guard column 
cont:ai'mng Hypersil ODS 2 (particle size 5um>. 
Additions into the column were made using a 100ul glass syringe 
<Hamilton) Into a Rheodine 712s InJector connected to a 200ul InJector 
loop to ensure complete passage of the sample. 
Electrochemical detection was made using a LC-3A amperometric detector 
(BAS) With an applied range of lnA full scale deflection. The 
potential accross the oxidising electrode was +0.65V. The output was 
recorded upon two flat bed recorders <Bryans 2800; Rikadenki DVE 3, 
Mitusui Electronics). Each was set to a chart speed of 0.5 mmlmin and 
a sensitivity of 0.5V. 
The mobile phase was prepared as descnbed below and was degased under 
vacuum after 3 days use. The Ion-pairing agent was 0.4mM sodium 
octane sulfonic acid. 
Solution Preparation: 
All solutions were made up in HPLC grade water (Fisons>, and standards 
were made using ANALAR grade chemicals. 
(I) Mobile Phase. 41 O.BM monochloroacetic acid 
2mM ethylenediaminetetraacetic ac1d 
d1sod1um salt adJusted to pH 3.0 
0.4mM sodium octane sulfonic acid 
The above solution was filtered through a 0.2um ultlpore membrane -
f1lter (Pall> and degased under vacuum pr1or to use. 
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(iil Concentrated 1nternal standard solution. 
lOOul of lmM 1nternal standard <3,4-dlhydrobenzylamlne; S1gma 
Chem1cals Cc.) was d1luted to !Oml with O.lM perchlor1c ac1d, 
(llll Noradrenaline standard solut1on. 
100ul of !mM noradrenal1ne b1tartate <Sigma Chem1cals Cc.) was dll'lted 
to 10ml w1th O,!M perchlor1c ac1d. 
(ivl Adrenal1ne standard solut1on. 
100ul of 0.4mM adrenal1ne b1tartate (81gma Chem1cals C.l was diluted 
to !Oml w1th O.lM perchlor1c ac1d. 
<vl Tr1s buffer <pH 8.6), 
4~g of Tr1s and 5g of EDTA were dissolved 1n 250ml of d1st1lled water. 
Us1ng a previously cal1brated pH meter the solut1on was adJusted to 
pH 8,6 us1ng concentrated HCI. 
<v•l Phosphate buffer. 
1.0833g d1sod1um hydrogenphosphate 
0.236g potass1um d1hydrogenphosphate 
2.0g EDTA 
made up to lOOm! w1th d1st1lled water. 
(v11l Ac1d Washed Alum1n1um Ox1de, 
20mg of acid washed alum1n1um ox1de (B1oanalyt1c System) was requ1red 
for each sample. 
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APPENDIX 8 
Free Fatty Acid Assay. 
FFA were analysed by a modi f1 cab on of a photometn c: 1 col oun metn c 
assay <Chromy et al 1977). 
Solutions: 
Extrac:t1on solvent (CHMl: 280ml chlorofrom 
210ml n-heptane 
10ml methanol 
Stable copper reagent: 1. 878g sodlllm c1 trate 
16.775g tr1ethanolam1ne 
8.125g copper n1trate 
62.5g sod1um chlonde 
Made up to 250ml w1th d1stilled water. 
TAC: 10mg 2-thlozolylazo-p-c:resol 1n 100ml ethanol. 
Standards: 
From a 4mM stoc:k solut1on and CHM of palm1t1c: ac:1d 1 0.2mM 1 0.4mM 1 
0.8mM and l.OmM standards were made. These were kept refngerated 1n 
glass bottles with plastic sc:rew c:aps stable to CHM, untll required. 
Procedure: 
(1) 100ul of standard or plasma <CHM for blank) was added to 3ml CHM 
In ac1d washed screw c:apped glass tubes. 
(2) 1ml of stable c:opper reagent was added. 
(3) The tubes were shaken VIgorously for 6 m1nutes and c:entr1fuged at 
. ' 
6000q'p'm, in a Koolsp1n c:entnfuge for 5 minutes • 
.. 
(4) 1ml of the upper phase was transferred to a tube c:onta1n1ng 0.25ml 
of TAC and the resul hng soluhon was miXed well. 
(5) Standards anp samples 
cuvette of 1cm l1ght path 
' . The. c:oncentra1on of 
standard c:urve. 
' ~:' : 
' ' . 
... -, 
were read In an Eppendorf photometer 1n a 
at Hg 578 nm. 
FFA in the samples was determined from the 
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APPENDIX 9 
• 
Glycerol Assay 
A fl uon metn c assay was 
Laurel! and Tibllng (1966). 
reactions: 
used, 
ThiS 
modified from that described by 
was based on the following 
Glycerol + ATP 010< Glycerol-1-Phosphate + ADP 
Glycerol-1-Phosphate + NAD+ ODH Dihydroxyacetone Phosphate + NADH 
The dihydroxyacetone phosphate produced is trapped by hydrazine, and 
the amount of NADH formed IS determined by measurement of Its native 
f 1 uorescence. 
Solutions: 
Ztnc Sulphate: 0.087M 
Barion Hydroxide: 0.083M 
Hydrazine HCl buffer: 1M reagent grade with 1.5mM MgCl2 adJusted to pH 
9.4 With HCl. 
Diluent: 0.01M NaOH with 1mM EDTA. 
Glycerok1nase: 1 mg.ml- 1 <Boehringer Biochemical). 
React1on M1xture: Per 5ml react1on mixture: 3.5ml Hydraz1ne HCl 
buffer, 1.5ml distilled water, 6 mg ATP, 10 mg NAD, 12.1mg cysteine, 
5ul gl yceroki nase and 25ul of gl ycenn 3 phosphate dehydrogenase. 
Standards: 
From a 0.4mM stock solution, 207., 407., 607., 807. and 1007. standards 
were made us1ng distilled water. 
Deproteinization: 
A 0.1ml of plasma or standard (distilled water as blank) was 
transferred to a small centnfuge tube conta1mng 0.5ml of z1nc 
sulphate. The resulting solution was then m1xed and chilled. Next 
0.5ml of barium hydroxide was added and the solutions allowed to stand 
for 5 minutes. They were centnfuged at 12000 rpm for 2 minutes. 
Procedure: 
(1) · 0.1ml of reaction mixture and 0.2ml of supernatent were 
transferred to a test tube annd~1xed. 
(2) The tubes were capped and left to stand for 60 minutes. 
(3) 1ml of d1luent was added and the samples and standards were read 
In a Lochart fluorimeter. After subtracting the blank from the 
readings of the standards and samples, the concentration of glycerol 
1n the samples was calculated from the standard curve. 
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APPENDIX 10. 
Peak Expiratory Flow Rate and Medication, of an Asthmatic Athlete 
Chanq1ng Treatment. 
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